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CHAPTER I 
INTRODUCTION 
1. Introduction 
The grade placement of scientific principles has been 
undertaken by the Boston University Sch0ol of Education, 
Science Department, as a project to be carried on through the 
succeeding years under the direction of Dr. John G. Read. 
The experiment will be concluded when enough pupils and 
schools have been included in the study to make the conclu-
sions statistically significant. As more data are accumu-
lated, the extent to which the study will have to be 
carried should become apparent. When a sufficient number 
of principles has been tested a complete overall report can 
be written giving the conclusions. That is, there will be 
a "percentage of learning" index for each principle for 
each modal mental age level. From this index it should be 
possible to ascertain that if a certain principle is taught 
to a certain modal mental age level then a certain percent-
age of the pupils can be expected to learn the principle. 
This year both the background for the study and the 
design of the experiment a1•e being d~ne under the guidance 
of Dr. Read and Mr. Herbert Oxendine. Also, the first 
group will start the experiment with each experimenter 
2 
taking one principle. The teaching method will be a lecture-
demonstration. The amount of learning will be measured by 
identical tests given before and after the lecture-demonstra-
tion. Data to be gathered will consist of the test scores 1 
the pupil's I.Q., M~A., C.A., sex, previous science instruc.-
tion and science bacl{ground. The results to be found by 
each individual participating in this study will be for only 
one or two grades in several schools. This will give an in-
dication of the next grade that should be tested depending 
upon the "percentage of le arning 11 for that modal mental age 
level. 
As the study proceeds investigation into these prin-
cip~ s will be continued and others started until there is 
an index of the "percentage of learners 11 for each modal 
mental age level for each principle. Each experimenter 
starting a new principle will leave his material for many 
teachers-in-service to use when he is finished. This will 
include the demonstration, a copy of the script, a tape 
recording of one of the actual lecture-demonstrations and 
the test. The same material will be used throughout the 
study for the same principle. The sampm of schools will be 
chosen each year so that compl~te coverage may be made of 
each socio-economic level for grades 3-12. 
It is assumed for this study that there will exist a 
3 
difference in the percentage of learners at different mental 
age levels. It is also assumed that the time spent in a 
good demonstration with a carefully prepared talk would pro-
duce a small increment of learning . 
The committee whose responsibility it was to compile the 
data included in the li t erature as bac l{ground for this study 
consisted of the following members under the chairmanship of 
Norman G. Mills: 
Isabel L. Bouin 
John T. Callahan 
James Creigh ton 
Wallace J. Gleekman 
1 ugene H. Goldrick 
George F . Griffin 
Robert H. Jackman 
Bleanor Kancevitch 
.John G. Minot 
Henning A. Sahlberg 
Vincent J. Silluzio 
Schuyler G. Slater 
Virginia M. Wilson 
2. Justification 
Very little scientific evidence is available on the 
grade placement of science principles. Because of the 
4 
great increase of scientific knowledge, educators emphasize 
the need for r e search that will determine the age levels at 
which science concepts, principles and skills may be intra-
duced into the curriculum with optimum effectiveness. 
Beckl/states that because scientific knowledge is 
accumulating at such a rapid rate, there is neither time 
nor excuse for teachinb the elementary scientific concepts 
in the higher grades. He points out that the scientific 
background and foundation prerequisite to an understanding 
of the individual science courses offered in the high 
schools ~re lacking in the begi nning students. To find a 
solution to this problem, he s uggests that research be 
started to determine, 11 ••• what fundamentals of science can 
we expect most children of s imilar ability and cultural 
background to master at each maturity level 11 .:?:./ 
From a Progress Report of the Committee on Research 
in Elementary Science for the National Association for 
Research in Science Te aching , Venill]/believes that with 
ll Alfred D. Beck, 11 Some Unanswered Questions Pertaining 
to the Organization of a Twelve Year Science Sequence'', 
Science Education (April, 1948), 34:176-177. 
:?:../ Ibid., p. 177. 
3/ John Venill, 11 Needed Research Studies in the Junior 
High Schools 11 , ~nee Education (April, 1948), 32:175-185. 
5 
the great expansion of scientific knowledge, concepts 
which previously have been reserved for high school science 
courses will have to be taught in the junior high schools. 
He summarizes that, 11 ••• studies should be made on pupil 
readiness for more advanced science concepts." 1./ 
In the Thirty-first Yearbook the National Society for 
--.----
the Study of J~ducation_g/suggests that a twelve-year sequence 
of science be taught, based on the broad generalizations of 
science. As an outgrowth 9f this plan, many problems for 
research were recognized. Morrisonl/places the selection 
and sequences of courses within the curriculum and the 
grade placement of topics at the top of a list of needed 
research in science teaching. 
However, research on the location of' qurricular 
material in science cl?sses is complex. In order to make 
such studies objective and meaningful, educators, says 
Bel'lack, must take into consideration the basic findings 
from the fields of educational philosophy, sociology, 
child growth and development and psychology of learning.4/ 
1/ John Venill, ..2.I2...!__ci t., p. 175. 
2/ National Society for the Study of Education, A Program 
for Teaching Science, Thirty-first Yearbook, 1932, Part I, 
The University' of Chicago Press, Chicago, Illinois. 
J/ Ibid., p. 354. 
4/ Arno A. Bellack, 11 Sequence and Grade Placement 11 , Journal 
of Bducational Research (April, 1948), 41:623. 
6 
The writer believes that ths aim of education is to 
give some meaning, some security and purpose in life. 
Ideally, education should provide an understanding of the 
diversity and richness of the present-day wqrld -and take 
into account our uncertainty on ideas of life and the uni-
verse. More specifically, science education seeks to teach 
effectively those principles and skills of science Vlhich 
touch so largely upon everyday life. The a:i,.ms of science 
teaching are contributory to the aims of education, mainly, 
as Bellack says, "life enrichment."]/ 
In our society great emphasis is placed on education. 
Laws compel schooling up to a certain a~e, and all children 
are assured a free education. It is the schoolts responsi-
bility both to society and to the children to present those 
activities which will prepare the individual student to 
participate intelligently in our democratic society. 
Bellack_g/further says, 11 In planning the sequence and 
placement of school experiences, then, consideration must 
be given at every stage to the demands of society in regard 
to both the important responsibilities of citizenship and 
ll Arno A. Bellack, op. cit., p. 42. 
~~Ibid., p. 623. 
the great variety of learnings and adjustments occasioned 
i 
, I 
by circumstances peculiar to our culture. 11 I 
In part, grade pLacement of curricular material ! is a 
matter of providing experiences at each grade level fhich 
are sui table to the maturity level .of the students ab d are 
I 
designed. to achieve the objectives of the program • .!/ : 
I 
7 
Kingsley defines maturation as 11 ••• the normal physic f l growth 
of the physiological functions. If these physiological 
I 
structures have not developed to the point where the child 
can carry on the activity essential for a particular k1nd 
of learning, it is quite obvious he will be unable t t 
achieve success in this direction. 11~/ j 
I 
In order to obtain the maximum efficiency in learning, 
maturation of the child must be considered carefully!. 
I 
Hilbreth3/points out that if a child is presented with a 
problem which is beyond his maturity level, he will ~ educe 
or simplify the problem to his own realm of' understah ding 
vhich may lead to misconceptions and make learning mbre 
difficult when the proper maturation level is 
1/ Ibid., p. 625 
..,..._ 
I 
reached. 
I 
I 
i 2/ Howard L. Kingsley, The Nature and Conditions of tearning, 
Prentice-Hall Inc., New York, 1949, P· 49. I . 
3/ Gertrude Hilbreth, "The Difficulty Reduction Tendency in 
Perception and Problem Solving", The Journal of Educ 1ational 
Psychology (April, 1941), 32:305-313. 
I 
Vv ashburneY points out that if a child is presented /with a 
I 
problem above his maturity level with the implicati9n that 
I 
he should succeed, it will give him a feeling of fa~lure 
I 
and undermine his security. 11 Instead we must guide / him 
i 
8 
into those learning situations that he can attack effective-
! 
ly and with sufficient success to yield satisfactioh, en-
couragement and growth. ng/ 
Many of the studies that have attempted to ass'ign 
I 
learning experiences to definite maturity levels h , ve been 
concerned with motor-skill development in pre-schodl child-
ren. 3/ But a number of studies have been made to determine 
the role that maturation plays in the development of various 
I 
concepts, among them that of Pis torbt/ wih o conduc te~ an ex-
1 
periment to determine how time concepts are acquir J d by 
children. Two grours of 32.0 children were used in / the 
I 
study. In grades four and five, traditional separate 
courses in geography and history were taught to oni group 
I 
while the second group was taught geography as a major 
I 
I 1/ National Society for the Study of Education, Child 
Development and the Curriculum, Thirty-eighth Yearbook, 
1939, Part I, University of' Chicago Press, Chicago!, Illinois. 
l:_j Ibid • , p • J • 1 
I 3/ Marian E. Breckenridge and Elee Vincent, ChiiD ,Develop-
ment, W. B. Saunders Company, Philadelphia, 1949. f 
!±/Frederick Pistor, "How Time Concepts Are Acquired by 
Children", Educational Method (Nov. 1940), 20:107 ~112. 
I 
I 
I 
In the sixth grad~ the 
first group was given instruction with special attehtion 
placed on time charts, time lines and other teachin~ aids. 
I 
course and history incidentally. 
The other group had regular ins true tion with no speicial 
importance placed on time concepts. Through analysjis of 
test results at the completion of the sixth grade, lit was 
found that the group with special instruction gained 
9 
slightly, but not significantly, in time-concept 
ing, over the group without special instruction. 
eludes that 11 ••• evidence points heavily in favor 
,derstand-
~istor con-
ofi ma tura-
tion rather than training as the dominating factor in time-
concept development. 111/ 
Piage~/ attempted to assign stages 
thought development to maturity levels. 
terviews, questions were asked relating 
I 
I 
in the chllld's 
T~o~h p~rsonal in-
to the chi~ d's ideas 
of the causes of natural phenomena. The responses were then 
placed in categories developed by Piaget. For example, 
Piaget traced three steps in concept development r J lating 
to the origin of the sun and the moon. The first l tep was 
I that of artificiality of that the sun and moon we:re made by 
some human being. The second step was a belief th1t the sun 
I 
1/ Frederick Pistor, op. cit., p. 111. 
2/ Jean Piaget, The Child's Conception of the Worlh, 
Harcourt, Brace & Company, Inc., New York, 1929. / 
I 
10 
and moon were developed by a combination of artificial and 
I 
natural causes. The third stage in this development was the 
belief in a completely natural origin of the sun a~d the 
moon. The implication was that the child passed f l om one 
stage to another only when he had reached the prowr matur-
ity level. Due partly to the complexity and the + b j e c ti ve 
nature of interpreting the responses of the childr/en, Piaget 1 s 
method has been criticized and his conclusions ch, llenged. 
DeutscheY conducted a study at the University of 
Minnesota in another attempt to trace the developdent of 
concepts of causal relations in children. Identi J al demon-
·, I 
strations and tests were given to children in grades three 
I 
through eight. Three experts familiar with Piaget's work 
I 
attempted to classify the answers to the test itet s into 
Pia get 1 s categories. There was little agreement among the 
I I 
jury as to where each response should be placed. It was 
found that there was a great deal of overlapping, that 
most kinds of answers were found over the entire age group 
and that the answers of children of a given age g~oup could 
I 
not be classified into a single ~pe. Deutsche concluded 
that "causal thinking apparently does not develop! by stages 
i 1/ Jeah Marquis Deutsche, The Development of Chil~ren's 
Gonce ts of Causal Relations, The-~U~n~i~v-e_r ____ sl~-~t-y~o~f~M~i~n-n~e._s~ota 
Press, Minneapo is, 19 7. / . 
I 
11 
She also found that the but by a gradual process. u1/ 
adequacy of the answers to the 
age, and the greatest increase 
ll and 12 years.'.?/ 
test questions incre/ased with 
noted was between t + ages of 
Hauptl/ sought to gather ev,idence to find out if young 
children were capable of the mental activities ass / ciated 
with the 11 large generaliza tion 11 type aim. His study was 
limited to grades one through s ix, Haupt found tht t the 
ability to generalize prevailed at all grade levels, but 
that this ability was limited by the complexity of the con-
cepts studied. 
Croxton 1 s4/ study also indicates that children in the 
higher primary, the intermediate and the junior hi~ school 
are capable of generalizing. 
However, grade placement of curricular material is not 
entirely a matter of maturation. It is a matter df learning 
readiness which includes maturation, experiential levels, 
interest and attitudes, social pressures and training. But 
1/ Jean Deutsche, op. cit., p. 93. 
~~Ibid., p. 29-42. 
I 3/ George VJ . Haupt, An Experimental Application of a 
Philosophy of Science Teachins in an Elementarx School, 
Teachers College, Columbia University Contributions to 
Education, No. 633. Bureau of Publications Teachers 
College, Columbia University, New York, 1935. ' 
l ]±/ 1JV. C. Croxton, 11 Pupils Ability to Generalize 11 , School 
Science and Mathematics (Jan. 1936), 36:627-634. · · 
12 
these factors are extremely diff icult to separate fpr study. 
I 
In the ht~an body every organ is an integrated part / of the 
whoJe body. If one or gan is malfunctioning, it wil[L affect 
I 
the normal activity of the whole organism. Similar!lY, the 
I 
child is a composite of many factors, each affec tinlg the 
I ftmctioning of t he other. 
All experiences, according to Dewey,l/ both t~ke up 
something from those which have gone before and mo 4ify in 
some way the quality of those which come after. wJ st2/ 
I -
says that it is us e less to show that a given volume of warm 
I 
air is lighter than t he same volume of cold air beFore the 
concept that air is something tha t has weight and l ccupies 
. I 
space is understood. So while the pup1l may be at 1 the 
ma turity level for un derstanding a certain concept l if the 
I 
! 
necessary bac h:ground is lacking, he will not learn ! effect-
! ively. Even if the maturity and experiental levels are 
l 
adequate for learning, lack of i nterest or proper r ttitudes, 
I :::::;::::l:fl:::::::~ method and materials may acrount for 
I 
yJohn Dewey, Expe r i ence and Education, The Macmi/llan 
Co., New York, 1938 , p. 27. I 
I 
I 
2/ Joe Young We s t, 11 Do \ive Expect Too Much or Too Little 
of Chil dren from Their Experiences in Science?" Science 
Educatio~ (Oct, l9W+), 33:298. 
I 
I 
L 
I . 
13 
This study is designed to establish a learning index of 
the various scientific principles. This learning ~ndex ~211 
indicate the approximate mental age level at which lthese 
I principles can be taught effectively to children ofl similar 
'------
ability and backgrotmd. Because of the complexity of the 
learning process, absolute _values as to where each /principle 
should be included in the curriculmn is not expected, but 
I 
the results may pr•ove helpful to curriculum plannerls in 
determining the grade placement of these principle l . The 
results of this study will be of importance to cla l sroom 
teachers, textbook writers, standardized-test makeJ s, and 
producers of visual-aids. It may, moreover, help ~ring 
about an orderly, systematic teaching of science, ~esulting 
in more and efficient learning. 
3. Design of the Experiment 
A. Scope and Limitations 
I 
The objective of this study is · to establish a \ learning 
I 
index for a number of scientific principles both i~ the 
elementary and secondary grades, the total study being 
i 
over a period of approximately ten years. An index of 
I 
learning is to be assigned to each level at which the 
I 
I experiment is carried out. 
i 
made 
A beginning has been made here by twenty-eight students 
I 
working with different principles. Subsequent investigators 
! 
using identical techniques with the same or other principles 
I 
at different age levels may, after having secured data on a 
I 
large number of pupils, predict with some accuracy iwhere a 
I 
' 
certain principle mi g,ht be taught with knowledge ofi its 
i 
being understandable to the majority of pupils at t
1
hat a~e 
level. 
I 
I 
I 
I 
The procedure to be described is essentially t 'he same 
in all the studies made by these twenty-eight inves[tigators. 
However, since certain of these persons could not, pf 
neces s ity, meet all of the conditions here set down because 
I 
o.f their own teaching duties, the procedure has had1 to be 
slightly varied in such cases. Whenever any chartgels have 
I been expedient, it will have been noted in subsequent 
I 
I 
chapters. 
I 
I 
• 
15 
The population used in the study made by this lfirst group 
of investigators is composed of pupils from the thi\rd to the 
I 
twelfth grades. They ar e a stratified sampling of \the school 
I population of several New England states. 1 
Each pupil's mental age is known throut,h the u\se of 
i 
chronological a ge, as furnished either by the pupil \ himself 
I 
or the teacher, and the I.Q. obtained from the resu~ts of 
I 
the administration of the Otis Quick-Scoring intell igence 
test. This enabled the experimenter t o establish the mental 
I 
modal age for each grade division of pupils tested. ~ 
i 
I 
The pupils whose test scores are included in the study 
I 
all have mental ages within the limits of one year from the 
I 
I highest to the lowest. Once the modal mental age had been 
I 
established, only the scores of those pupils with ml ntal 
I 
ages of plus or minus six months from the mode were i selected 
to be included in the subsequent analysis. 1 
I 
Each investigator has examined t wo class divisions in 
I 
' five schools. Of the total of ten groups included, five are 
I 
I 
samples of the same grade level and the other five are sam-
1 
ples from a di f f erent gr a de level which are separated from 
I 
the first t·ive samples by two years; that is, if a particul.ar 
I 
investi gator chose f i ve 
have chosen eithe r five 
divisions. 
tenth- grade divisions, he wil l also 
I 
eighth- or five twelfth-grade 
I 
16 
Two examinations have be en given to all pupils included 
in this study. The first will be known as the pre-,best and 
the second as the post-test. They were identical. 
1 
The 
post-test was Given \/ithin an hour after the admini!stration 
of the pre-test. The t:i,me lapse between the two wals occupied 
i 
either by the presentation of a demonstration serv~ng to 
illustrate the particular principle being tested, Jn the 
I 
case of what is known as the experimental group , of by 
reading non-relevant material by the group to be known as 
the control. 
Strict discipline was maintained in each grou~ in 
order that the pupils mi ght not communicate with orie another 
I 
or be distracted from the examination or the demonstration 
! 
given. 
The demonstra.tion vvas of large enough size , and was 
well lighted, so as to be seen by all the pupils i J the 
i 
class room easily. 
B. Discussion of Procedure 
The first step involved the selection by each investi-
gator of a principle to be demonstrated and tested Such 
1/ ! accepted lists as that compiled by Robertson- were consulted. 
1/ Martin L. Reb ertson, 11 Selection of Science Prinbiples 
Suitable As Goals of Instruction in the Elementary/ School 11 , 
Science Bducfftion (April , 1935), 19:65-70. ' 
17 
I 
A review of the literature established that t~e teach-
ing of principles is an effective method for teachi,ng 
science. It was found that facts were retained be ~ter when 
I 
pupils were taught by principles. Also, relationsHips in 
I 
applied learning were perceived more easily. Furt~er find-
ings on science teaching by principles are discuss ~ d in 
greater detail in a subsequent section. 
The second step consisted in devising one or more 
demonstrations which illustrated the cho sen princiJ le. The 
time allotted for this teaching material was in mo J t cases 
approximately 15 minutes. These demonstrations I were necess-
' 
arily simple, large, and contained as nearly as po~ sible 
I 
the "purity of concept 11 which 
Nichols!./ to mean that the dem 
as been interpreted by 
nstration illustrates one and 
only one principle. But if al· other principJes c l uld not 
I 
be e liminated, they were judge not to detract fro~ the 
I 
I principle which the demonstrat on illustrated; they were 
I 
I judged not to lead to a miscon eption of the material taught. 
The demonstration materia of each experimentl r was 
decided upon and the apparatus set up after having been pre-
sented to and passed on by a b ard consisting of a1 small 
I 
group of invest :L gatoi's who, in turn, held their deinonstration 
I 
I 
l/ Vv . M. · Nichols, New and Impr ved Demonstrations fF or Use 
in Tea chin, Scientif ic ?rinc·i es in Chemistr · , Unpublished 
Mas ter's Thesis, ·Boston University School of Educa!tion, 
1950, P• 4. I 
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material up to scrutiny by fellow board members. 
In a subsequent section o this thesis are di
1
scussed 
eleved pertinent the criteria for a good demon tration. The 
I points are summarized as foll 
1. The demonstration should illustrate a ba J ic principle. 
one J rinciple 2. The demonstration should illustrate 
only. 
clearly 3. The action of the demonstration should be 
I 
I 
The apparatus should be on a large scale l 
visible to all. 
4. 
5. The demonstration should work; it should be as 
6. 
7. 
8. 
9. 
10. 
11. 
infallible as possible. 
I 
the 
I 
I 
speed The demonstration should be simple and 
of action suitable. 
The demonstration should be dynamic. 
A slight dramatic element is sometimes useful. 
An element of the unexpected is sometime b effective. 
I 
The apparatus should be of easily available and 
inexpensive material, I 
The apparatus used in a ~iven demonstrat~on should 
I be stored away intact until it is to be psed again. 
All members of the group have adhered rigidly to these 
criteria. 
I 
It might be mentioned here that research, wtiich will be 
I 
I 
I 
I 
I 
I 
I. 
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described i n Chapter 2 , on the idea that demons tra tiLons are 
effective brought to light the fact that the demons ~ ration 
I 
I 
is equ~;~l to or better than any other me thad of teaching 
I 
! 
science . Thus it is seen that if a particular scientific 
i 
I 
pr i nciple can be taught at a certain age level , the J demon-
i 
stration method is as goo d a way known to aid in th:e teaching 
of it. I 
I 
I 
After having perfected the demonstration a thi~d step 
I 
in the procedure was followed. Each investigator devised a 
I 
I 
test of the four-answer multiple choice ty:r:e to· be ladminis-
This type cons J sted of 
approximately thirty items divided lnto three grouJ s. The 
tered in not over 15 minutes time . 
I 
first t_e!]; items were based dlrectly on the demonstration to 
I 
be given . The second group consl sted of items whidh involved 
I 
transference; that is, these items d id not test an lunderstand-
ing of the demonstration directly but tested the a~i lity to 
I 
apply the scientific principle involved to other simple near-
by situations . The last t en items were more difficult; 
they inv olved an application of the principle but were of 
I 
such a nature that correct answers might be made by the pupils 
I who had gotten the most from the demonstration. 
All of the i t erns were s o worded that the pupil could be 
given this test before the demonstration had been keen and 
yet answer the questions if he understood the prin~ iple. 
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For example, a question might be begun with a phras
1
e such as 
11 If a tight wire is plucked, •••••• n, etc. I 
In order to establish a suitable vocabulary fo;r the items 
on the test, Thorndike I s1/ Teacher Is Word Book was used. 
--- I 
This voll~e lists words used most often in standar l English 
reading material. Words used in the items were compared with 
the list to suit either the elementary or the secoJ dary 
I 
grades. If the particular words were not mentioneq, others 
! 
had to be substituted. 'J.1he final form of the test ;contained 
I 
a vocabulary which was suitable to the level at wh~ch each 
I investigator was working. A copy of the writer's ~est is 
I 
included in the appendix. i 
I 
The test items were put in the interrogative form when-
ever practical with the answer to each consisting l f one 
I 
correct response and three distractors. I 
i 
When the test was completed, it was presented lto the 
same board which had previously judged the quality I of the 
demonstration material. The items were passed if, fin the 
opinion of the board, they were valid. An answer sheet for 
the test was devised whereby an enclosed space was [left 
I 
I 
a.fter the number o.f each item for the letter o.f choice. 
I 
The fourth step in the procedure involved the i adminis-
tration of the test to approximately one hundred pt pils of 
I 
the same grade level as the pupils for which it was finally 
I 
1/ B..dward L. Thorndike and Irving Lorge, The Teach~r's Word 
Book of 30,000 vv ords, Bureau of Publications, Teacher's 
College, Columbia University, New York, 19~4. [ 
I 
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intended. The r e sults were incorporated in an iteb analysis 
which is de s cribed in a later section of this thes/is. Any 
i terns which were shown not to be serving especiall/y well were 
left on this final form of the test but only thos~ items 
I 
which were functioning well were used in subsequenl1t com-
pilations. 
I 
As the fifth step, a script to accompany the !demonstra-
tion was written by each investigator using a suitable 
vocabulary selected from Thorndike's word list.l/ This was 
not to be read to the experimental group while t rre demon-
1 
I 
stration was shown but served as a guide for the demonstra-
tion lecture, key points of the written procedure lhavlng 
been committed to memory by the experimenter. This mini-
1 
mized the probability of the individual lectures yarying 
widely from day to· day. 
I 
I The investigator then presented his lecture and demon-
! 
s tra tion to a few pupils inviting comments after the pre-
sentation. In this manner both the script and de~onstration 
I 
were refined. 
At this point in the procedure, the test and l the demon-
stration were ready to be given, Each investigatbr had 
' 
written to superintendents of schools, receiving permission 
to test pupils of two particular grades in each • r hool. 
1.1 Edward L. Thorndike and Irving Lorge, .£2· cit. 
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Altogether five schools were selected and the pup ~ls of two 
I 
grade divisions in each school were chosen as subjects for 
the experiment. In some cases, investigators choJ e the 
elementary grades and in others, the secondary. I 
I 
The sixtn step involved the administration of the Otis 
I Quick-Scoring intelligence test, by the investigator or the 
teacher of each part i cular division, during a per l od within 
two weeks of the demonstration. I 
The largest part of the experimental work is [contained 
i 
in the seventh step. On a prearranged date at a prescribed 
I hour all the students of one class were pre-tested at t he 
I 
same time; that is, the examination was presented to the 
pupils before the principle was demonstrated. Thi y were 
first given a test booklet and an answer sheet marked 
Test 1 on which there was a place for the filling! in of the 
following information: name, sex, date of birth, ! name of 
I 
school and town, and the previous training each pupil had 
in science. With regard to s ome of these items, ~n the lower 
I 
elementary grades the information noted had to bel checked 
supplied by the teacher. I and, many times, 
Each answer . s h eet contained a random number lin the upper 
right hand corner and also a place for the investigator to 
later fill in any information he desired such as !socio-economic 
I 
I 
background, I.Q.., e t c. A sample answer sheet is /shown in the 
appendix. 
The time allotted for the pre~test was approxikately 
fifteen minutes, At the end of this time the answe~ sheets 
were collected and half qf the pupils in the class l ere sent 
i 
to another room, after h~ndipg t}:le::j.r test booklets ~o the 
th t h . h Th . . i h lop demonstrator or e eac er 1n c ~rge. e rema1n1ng a ~ · 
I 
kept their booklets and stayed in the room to see the demon-
stration. I 
Half of the p~pils wer~ r~pd9mly selected acco~ ding to 
a method used by Lindquist l/. A table in his book l was con-
sulted and utilized, To expla::j.p tne use of the table, ::j.t is 
I 
perhaps expedient to use a hypothetical class in a ~ingle 
run of' the experiment. Since t)le!'e are 36 pupils i t this 
class and half are to be select~cl at random, 18 pup1ls must 
be chosen arbitrarily. The first step is to assign lnumbers 
from 00 to 35 to the 36 answer sheets. This may be \done in 
• I 
any order. Then it is necessary to select a startlng point 
I 
on the table by referring to a column and row numbe:r\
1
. 
Lindquist ~/ states, 
I 
As 
11 This starting point should be determined [before 
looking at any nwnber in t he table. Once having se-
lected the starting point anq direction, no pe qularity 
in the numbers read shou+4 be permitted to cause one 
to disregard the results and start anew at another 
point. 11 
1/ .l:!:veret F.Lindql,.list, Statispical An?lY~is in Educational 
Research, Houghtqp Miff~in Coinpany; Boston, 1940; table . I8, 
P . • · ·262 I .. 
I 
~~ Ibid~, p. 26, 
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h al . t ' From the starting point and reading in the c osen lrec lon, 
the first 18 unlike numbers below 36 are taken and l the pupils 
I 
I previously assigned these numbers are then one of 
1
the halves 
of the class. I 
After the class was di viqe~, the answer sheets for th~ 
I pre-test were collected and half the class was removed, as 
stated above. This half ' was designated as the con!trol 
group. They spent the next 15. m:L nutes reading sil!ently some 
non-science material in another room. I 
- I Up to this time, the demonstr ation apparatus,! which 
had been :r:r eviously placed in the room where the J re-test 
I 
had been given, was kept covered with a cloth. W~th only 
half the original group present, these demonstrat ~on materials 
I 
were uncovered and the investigator began his exp~riments 
with his accompanying rerrtar.ks of explanation. I 
When the demonstration, having lasted approx~mately 15 
I 
minutes, was over, a post-tes t answer sheet marked Test 2 
I 
was distributed to each pupil. This sheet was th, same as 
that for the pre-test with t he exception of the identifying 
test number. The original closed test booklet, wJ ich was 
to be used for the pos t -te s t , had been placed in t he upper 
right hand corner of each pupil's desk . The group had pre-
1 
viously been cautioned by the demonstrator not to iopen the 
booklets or talk among themselves While he was exf erimenting. 
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The post-test, being identical to the pre-te J t since the 
test booklet contained only the one test, was the j adminis-
tered to this experimental group. At the end of Jhe allotted 
. I 
~ minutes, the booklets an~ both answer sheets w, re collected. 
Meanwhile in the r>oom to which the other hal.:f! of the 
I 
class, the control group, had moved, the same post-test was 
given as was administered to th~ experimental gro l p by a 
teacher who also supplied the pupils with an answl r sheet 
marked Test 2 and a test booklet. After about 15 minutes had 
elapsed, the papers and booklets were collected. I 
In the cases where the investigator was working with 
elementary grade school pupils, the demonstration was given 
to the control group after they had taken the pos ~-test be-
cause of the interest they undoubtedly had, because of ad-
ministrative reasons, and, more important, becaus b the time 
element was not such an important factor as it wa l in the 
I 
secondary school where the control group was not ~iven the 
I demonstration. 
This same procedure was repeated with indivi/dual divi-
sions in each school until, as mentioned above, data on a 
. I 
total of ten divisions in five schools was colle~ted. 
It has been found that a reliable method of ~measuring 
the amount of learning of some specific activity,: is by 
I -
means of the test-retest me t hod. By using the test-retest 
method, the level of previous knowledge concerning the 
activity may be established. Using this informati l n any 
gain in knowledge can be easily established. A detailed 
section on the test technique will be found in the next 
chapter. 
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The eighth step in the experimental procedure~ involved 
the compilation of statistics using the scores on lboth the 
pre-test and the post-test, the group modal mental age 
which had been computed from the I.Q. and the chr dnological 
age of each pupil. As was stated above only the Jcores of 
those pupils with mental ages of plus or minus siJ months 
from the mode were included in the statistical anJ lysis. 
If a pupil of the experimental group showed a lacJ of under-
standing of the questions relating directly to th1 demons tr a-
tion on his post-test, his scores were excluded f~ om the 
analysis. A score which was less than 80 per cenf correct 
on this part of the post-test was not used. The ~econd 
chapter of this thesis contains a detailed explan~ tion of 
how the scores were handled statistically. I 
The ninth and final step of the procedure was the making 
I 
o~ a tape recording using the previously refined script for 
the demonstration lecture. When this had been done and the 
resulting recording found satisfactory, it was packaged along 
I 
with the test booklets, sample answer sheets, and the 
I 
27 
demonstration material. In this way, all necessary informa· 
I 
tion and equipment will be rea~y for future investigators 
I 
using the same principles. 
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CHAPTER II 
SURVEY OF RELATED LITERATURE 
1. Teaching by the Us~ of Principles 
j 
The teaching of science by principle rather t~an by 
I 
extraneous collections of facts has been generally : accepted 
I 
I 
I 
by educators. The Thirty-first Yearbook of the Na~ional 
Society for the Study of Education, says that life !enrich--
1 
I 
ment, the aim of education, can best be achieved .if the 
. I 
I 
schools activities are "of the kind from Which ide~s may be 
I 
developed and if the ideas may in turn be associat~d into 
I 
principles and generalizations that are interwoven/ into 
human experience. Functional learning is conditioned upon 
attainment of some such integration. 11l/ I 
Hoban says: 11 Educa tion is not simply the accl etion of' 
' 
information. It involves the fundamental knowledge and the 
I 
understanding of the basic principles of the unive1:t:>se, of 
I 
which man is a part.n..S/ 
The inductive method.--Here the learner arri~es at a 
I 
general conclusion, e. g. certain laws of physical I sciences, 
~/ Charles F. Hoban, Focus on Learning, American Council 
on Education, Washington D.C., 1942, p. 34. 
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by examining a number of individual cases. The we Jkness 
in this method is that there is a possibility of t J o general 
a conclusion, as the enumeration of particulars ca1 never be 
I 
totaled. For example after several enumerations o:t.' plants 
i having flowers such as, the cactus has a flower; the buck-
; 
wheat has a flower; the stringbean has a flower; we might 
; 
conclude all plants have a £lower. This is too general a 
conclusion as there are active fungi which do not bossess 
I flowers. Induction is thus essentially imperfect as a mode 
of reasoning, though invaluable as a means of fixi r g general 
principles and laws amid the succession of particularities 
given in experience • .1/ / . 
The deductive method.--The learner reasons fr~m a 
principle to a particular. It is in this method that we 
shall be mainly interested, for we are basing our Whole ex-
periment on the reasoning powers of the learners tb go from 
the principle to a particular inference to the prihciples 
I 
in their learning process, For example: If the l [earner 
I 
unders tends the principle of friction he can deduc
1
e that 
heat is released and wear b~tween the surfaces ta~e. s place 
when one body is rubbed over another. 
A large amount of our teaching attempts to pupils to see 
1/ R. J. Me Call, Basic Logic, Barnes & Noble Inc J , 
New York, 1947. · 
30 
the implication of the laws, principles and rules !that they 
may have learned. As contrasted with induction, qeduction 
is a much simpler and shorter process. It i~ an Jnusual sit-
1 
uation when a bit of deduct~ve teaching lasts longer than a 
I few minutes. 
Advantages of deductive educative teaching: 
1. Much more simple than the indue ti ve method 
2. Results in very desirable outcomes 
) •• · Introduces factors of organization 4 Makes meaningful the principles that have been 
mastered already · 1 
5. ·Arouses puzzle or questioning instinct, a very 
valuable aid I 
6. Helps pupils to derive their principles from 
books or demonstrative techniques.y I 
Jones, 2/ Leonelli,3/ Marti,!!/ and others ·have[ empha• 
sized the value of teaching science by principle' / and have 
listed hundreds of principles. I 
However, there is some disagreement as to wha't consti-
tutes a principle. Heinmann defines a principle as 11 a 
statement of relationship between two or more fa r s·"5/ 
1/ c. B. Holley, The Teacher's Technique, The Century 
Company, New York, 1924. · · · i 
2/ Ruth V. Jones, A Study of the Principles of Science 
Found in Ninth-grade Textbooks of General Science, Unpub-
lished Master's Thesis, University of Michigan, l946• 
3/ Renata E. Leonelli, Principles of Physical .and Biolog-
ical Science for · Grade Ei t, Unpublished Master's The sis, 
Boston University, 19 7. 1 
4/ W. Edgar Martin, 11 A Determination of the Prinbiples of 
the Bi-ological Sciences of Importance for General Educa-
tiontt, Science Education (March, 1945), 29:100-105; 
(April-May, 19h5), 29:152-163. i 
5/ Ailsie M. Heinmann, 11 A Study of General Science Text-
books", General Science Quarterly (November; 1928), 13:11. 
I 
I 
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Wilbur's definition as stated by Martinl/ is Juch more 
I 
precise and makes a principle a very specific kind 1 of gen-
eralization. His criteria state that a principle-
11 Is stated positively and definitely 
Is true but with rare exceptions within the 
limitations set up by the statement 
Clearly states or implies a dynamic process 
or interaction 
Is demonstratab-le experimentally 
Is clearly not a part of a larger principle 
which can be clearly stated 
Is not merely a definition or description 
Has wide application in the natural environ-
ment and is not ruled out by any of the 
preceding criteria." / 
Robertson 1 s definition of a principle was the/ re stD.t of 
many weeks of consideration by a seminar in sciencle teaching 
under F. D. Curtis at the University of Michigan:~/ 
"a. To be a principle a statement must be a cdm-
prehensive generalization j 
b. It must be true without exception within 
limitations specifically stated ' 
c. It must be a clear statement of a process I 
· or an interaction 1 
d. It must be capable of illustration so as to 
gain conviction [ 
e. It must not be a part of a larger principle 
f. It must not be a definition • I 
g. It must not deal with a specific substancf ' 
Vd th this definition, Robertson sought to determine a 
comprehensive list of principles suitable as goal l of instruc-
1 
tion for elementary schools. He evaluated nine separate studies 
1/ iNilliam hdgar Martin, 11 A Chronological Survey bf Research 
Studies on Principles as Objectives of Instruction in 
Science 11 , Science Education (February, 1945), 29:45-52. 
I 
2/ Martin L. Robertson; 11 Selection of Science Principles 
Suitable as Goals of Instruction in the Elementary School 11 , 
Science Education (February-April, 1935), 19:1-4, !65-?0. 
--- I . 
I 
i 
- I 
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listing principles found in textbooks, arranged ac l ording to 
frequency and stress, by a jury of three science teachers 
and several subject matter s~cialists. A list of the 243 
principles found was sent to fifteen elementary sc~ool 
I 
science teachers and from their ratings 113 principles were 
I 
chosen. These are the principles used in the present study. 
Some results.-~There is considerable evidence that 
scientific principles can be taught effectively to / students 
at the secondary level. Freud and Cheronis readmipistered a 
I 
comprehensive test to students of a survey course r!..n physical 
science one year after the course had been completbd. They 
I found that principles and the ability to apply such prin-
ciples were retained much better than were unrelat/ed facts)/ 
I 
Babitz and Keyes paired eight classes in chem!istry in 
two California High Schools. Four of the classes, designated 
as the control groups, received standard instructi'on; the 
other four designated as the experimental groups, /had direct 
and intensive training on the application of prindiples. 
The tests administered at the end of the experime dt required 
the solution of problems in chemistry and the ide j tification 
I 
of' scientific principles related these two. All ~he exper-
I imental groups showed superiority over the control groups in 
1/ Henrietta z. Freud, and Cheronis, N. D., "Rete~tion in 
the Physical Science Survey Course 11 , Chemical Education 
Journal (June, 1940), 18:288-293 I 
I 
I 
- I 
/ 
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the same schools. The differences however were no ~ statis-
tically significant.!/ Kilgore paired 120 students in hi&~ 
school physics with respect to their previous expe~ ience in 
science courses studied and I.Q.. He found at the lend of his 
study that students of both high and low ability w:ere sig-
nificantly better in making applications of princJples of 
physics when the instructor placed emphasis on suc// h applica-
tion •. ?./ I 
The evidence from these studies seems to indicate that 
I 
the learning of principles of science, and the ability to 
apply them, may be attainable objectives of the t l aching of 
science at the secondary level provided such obje l tives are 
emphasized in instruction. 
2. The Lecture-Demonstration Method of 
Teaching 
A. The Effectiveness of Lecture-
Demonstrations 
The areas which will be treated in this section 
are to define and describe the term lecture-demonstration, 
I 
and then to quote freely the written opinions of fscience 
I ]} Babitz and Keyes, 11 An Experiment in Teaching Pupils to 
Apply Scientific Principles", Science Education (December, 
1939), 23:367-370. 
~/ W. A. Kilgore, "Identification of Ability of Apply 
Principles of' Physics 11 , Teacher 1s College Contritmtion 
to bducation, No. 840, Columbia University, New York, 
1941, p. 34. . 
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educators with regard to the use of demonstrations in science 
I 
teaching, describing the psychological and logical ~asis for 
I 
the use of demonstrationsin teaching. Then, a review of the 
research i n which the leqture-demonstration is compared with 
other methods of science teaching will be presented. 
Before discussing desirable qualities in a demonstration, 
Mack1/, in describing and defining a demonstration,1 says in 
part: 
"Inherent in the concept of demonstration .is the 
factor of movement of a material thing, not a 
static condition or display. A demonstration is 
an appeal through the senses of sigh! and of 1 
~earing, and less frequently through the other 
senses. Results must follow the purpose: there 
must be conviction, compelling to an inescapable 
conclusion. 11 i 
Regarding lecture-demonstrations, Stuit and Englehar~/ 
express their definition by stating: 
"The term J.ecture-demonstration is used to dekcribe 
a method of teaching in which the teacher carries 
out a demonstration for the entire group and lectures 
in parallel with it. The students obs erve the demon-
stration and ask any questions which they desire about 
the demonstration or theory involved. 11 
I 
1/ Joseph A. Mack, "Desirable Qualities in Demonstration 
Apparatus", School Science and Ma thematics (January, 1950), 
50:21. 
',?;./ Dewey B. Stuit, and Max D. Engl ehart, 11 A Critical 
Summary of the Research on the Lecture - Demonstration 
Versus the Individual Laboratory Method of Teaching 
High School Chemistry", Science bducation (October,, 1932), 
16:380. 
3.5 
f th d t t . I • Any discussion of the use o · e emons ra 1on
1 
J.n 
science teaching should be related to certain princ
1
lples of 
learning. Potthoffl/ has expressed awareness of s J ch a 
I 
relationship in the following writing: 
I 
11 The use of the concrete, particularly V1'here it 
deals with the unfamiliar, can provide an ex~ri­
mental ba s is for learning , whether that lear~ing 
be remembering facts, understanding processe~, 
seeing relationships, or getting an idea of how 
motor skills are executed. Direct experience, 
es:trecially if it is with the unfamiliar, may
1 
motivate the learner, attract his attention, 
1 
stimulate his interest, and arouse his curio~ity. 
Demonstrations can be helpful also in facilitating 
comprehension of the abstract, giving reality to 
the spoken word, and reinforcing it by providing 
impressions through several sense avenues. In 
general, learning may be more meaningful, more 
accurate, more complete, and more permanent if 
it is based upon actual . experience with that / 
which is being studied. 11 
I 
Additional emphasis on the importance of the ~ eal or 
I 
direct experience in learning has been made by Richardson 
and Cahoon in Me thods and Materials for Teaching deneral 
and Physical Science5f. They stated that: 
11 Probably the most usual use of the demonstra1tion 
is for illustrating and explaining scientif ~c 
principles and their applications. For most 
students seeing the r eal thing is much more I 
helpful than reading about it or looking at 'a 
picture of it." ' 
1/ Edward F'. Potthoff, "The Use of Demonstrations in 
Science Teaching 11 , Science Education (December, 1945), 
29:253. ~ 
2/ John S. Richardson and G. P. Cahoon, Methods and 
Material~ for Teaching_ General aE.d Ph;y·sical Scienc~, 
McGraw H1ll Book Company, New York, 1951, p. 17. · 
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Whether the demonstration precedes or follows activi-
ties such as discussion, reading, films, and laboratory 
work, it may not automatically provide an understal ding; 
. I but it furnishes a real e~perience upon wh1ch the teacher 
I 
may build, along with other well-chosen procedures and 
I 
ac ti vi ties. I I 
I 
Demonstrations can be us~d for providing pupil exper-
iences in thinking. Cahoon' sl/ views on this topi;c are, in 
part, these: 
I 
"The demonstrations, laboratory experiments, 
directed studies, pupil projects, motion / 
pictures, textbook statements, and pupil-
teacher discussions are teeming with possibi~-
i ties for pupil experience in thinking. It i ,s 
largely a matter of utilizing these appropri~tely 
as one goes about teaching science facts and i 
principles to pupils. 1 
Like any other teaching aid or pupil activit~, 
a particular exercise or experience in think..: 
ing may or may not be appropriate to use wit~ 
a particular class at a given time. 
A . . r I certa1n demonstrat1on or one class may be [ 
given to help obtain a particular fact of 
science, at another time as an experience in [ 
accurate observation, at another to utilize 
~evious knowledge by predicting 'what will I 
happen', at another as an aHplication of a I 
recently studied principle. 1 I 
However, it must be added here, that "A demoAstration 
I 
performed by a teacher who points out what is happening and 
indicates the conclusion which should be drawn or how it 
illustrates a particular principle may furnish little experience 
I 17 G. P. Cahoon, "Using Demonstrations for Providing Pupil 
Experiences in Thinking 11 , Science Education (Oct., 1946), 30:196. 
I 
I 
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in thinking. n]/ Howeve:r, 11 thinking" comes when the 1 principle 
is applied. 
Berore presenting a review or the research in r hich 
the lecture-demonstration is compared with other methods 
I 
of science teachin6 , the evolution of the popularity of the 
demonstration method should be mentioned. Web~/ J tates 
that it developed in this manner: 
"The growth of' the demonstration method as a 
substitute for the individual experiment was 
accelerated by the depression, during which 
time funds for operating the schools were much 
reduced. It was argued that if the course in 
science be given by demonstrations, only one 
set of apparatus need be procured; whereas if 
it were gj_ven by student individual or group / 
experiments a considerable number of duplicat,e 
sets must be purchased. 11 1 
Cunningham's summary of 11 Lecture Demonstratidns Versus 
Individual Laboratory Method in Science Teaching114/ covers 
a twenty-five year period. The field or r e search /includes 
eighteen Master's Theses, six Doctorate Studies, and other 
studies. All of the reports were published in sudh pro-
/ . 
I 
fessional periodicals as: Journal of Ed1.lcational Psychology, 
School Science and Mathematics, School Review, Jobrnal of 
. . . I 
Educational Research, and Pennsylvani~ Schoo& Journal. From 
' , ' I 
the results reported by the experimenters, curininlghambt/ 
1/ JohnS. Richardson and G. P. Cahoon, op. cit,,: p. 67. 
- I 
£/ Charles S . v/ebb, 11 The Teaching of Advanced Sci'ence 
Using the Demonstration Method", School Science ~nd 
Mathematics (January, 1938), 38:23. / 
3/ Harry A. Cunningham, 11 Lecture Demonstrations V:ersus 
Individual Laboratory Method in Science Teaching /- A 
Summary", Science Education (March, 1946), 30:70-82. 
I 
1±/ Ibid • , p • 7 () • 
states that: 
"Twenty-eight studies gave specific attention to 
the general outc.ome - immediate recall or immed ... 
iate results. Twenty gave results favoring the 
demonstration method; six favored the individual 
laboratory method; and two said that there was 
no difference Lbetween the two method~?. 
Of the twenty-four studies that #a~ specific 
attention to delayed results, ~ favored the 
demonstration method, eleven the individual 
laboratory method, and three reported no differ-
ence. 
The interest stimulated in the pupils by the 
two methods was studied in seven of the enter-
prises. The majority of the pupils in three lOf the enterprise~7 favored the demonstration 
method; and in four /Of the enterprises7 favored 
the individual laboratory method. -
All of the studies - fifteen - that gave atten-
tion to the time required by each of the two 
methods reported a saving of time under the 
demonstration method. The time saved varied 
from one-fifth to one•half. 11 
Later in the summary, Cunninghaml/ tells of the 
ment of scientific thinking in these studies by these 
comments: 
treat-
11 Seventeen studies gave attention to one or more 
of the elements of scientific thinking but no one 
undertaking made even a slight beginning in the 
study of this problem in all of its many aspects. 
The elements of the thinking process that were 
studied in some of the undertakings were as 
follows: amount retained in thought work; making 
proper conclusions to an experiment; application 
of principles learned; ability to think in terms 
of science subject; ability to follow the steps 
in scientific procedure; per cent of thought 
questions answered correctly; method of attack 
on new problems; scientific attitude; ability to 
1/ Op. cit., p. 76 
observe; learning a sc i entific principle; greater 
carry-over ability; ability to distinguish between 
fact and superstition; and ability to generalize. 
Of the seventeen studies that gave attention to 
some phases of t his big and very important pr.oblem, 
twelve favored the demonstration method; four the 
individual laboratory method; and one came to the 
conclusion that the pvpil could learn to think 
about equally well by either £method?." 
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Thi~ comprehensive statement is part of the concluding 
remarks made by Cunningham11: 
"Our decision, as to what to do in practice, is 
made easier when we realize that all of our 
laboratory teaching need not - should not be done 
by one method. It is possible that we may be 
ignoring a whole continuous series of possibil-
ities between these two extremes. In many cases 
it may be found best to use both methods in teach-
ing a given idea in science. 11 
The studies presented in the summary of Cunningham 
were ranked according to the criteria presented in an 
t . 1 b St 't d - · 1 , ~2/ · 3/ ar ·1c e y Ul an Eng enarv- by Ke1ser~ as to their 
superior or inferio~ value. It is well to note here that 
Keiser used only the first six of the s even criteria to 
determine the value of these studies. The seven criteria, 
as establishe d by Stuit and Englehart, are as follows: 
(1) specification of experimental factors; (2) control of 
l/ Ibid., P• 79 
2/ Op. cit., pp. 380-391. 
- ----
J/ Louis B. Keiser, The Present Status of the Lecture-
Demonstr ation Versus the In~ividual Laboratory Method 
of Teaching Science in the.Hi gh School, Unpublished 
Master's Thesis, City College of New York, 1933. 
pupil factors; (3) control of teacher factors; (4) control 
of general school factors; (5) duration of experiment; 
(6) me asurement of achievement; and (7) interpretation of 
experimental data. 
For comparative purposes the writer has used the 
studies of AnibelY, Kno.:x:2/ , and Wiley.d/ in this discussion 
because each study is partly concerned with the demonstra-
tion method ~ersus the laboratory method of teaching high 
school chemistry. The problem of the research as stated by 
ea.ch author and the significant conclusions, in part, will 
be related. 
The study of Fred G. Anibel~/, ranked superior, is as 
follows: 
Problem: To determine scientifi cally through 
objective data how the results of teaching 
high-school chemistry by lecture-demonstration 
method compared with the individual laboratory 
method. · 
Conclusions, in part: 
1. The immediate retention is as adequate 
when material is pre sented by the lecture-demon-
stration method as when the class is taught by 
1/ Fred G. Anibel, 11 Comparative Effectiveness of Lecture-
Demonstration and Individual-Laboratory Method 11 , Journal 
of Educational Research (May, 1926), 13:355-365. 
2/ W. W. Knox, "The Demonstration Method Versus the 
Laboratory Method of Teaching High School Chemistry 11 , 
School Review (May, 1947), -35:376-386. 
3/ William H. Wiley, "An Experimental Study of Methods 
in Teaching High School Chemistry!', Journal of Educa-
tional Psycholo 5y (April, 1918), 9:1~-198. 
1±/ Loc • . cit. 
the regular individual laboratory procedure. 
Indications are that the lecture-demonstration 
procedure would result in better immediate re-
tention. 
2. The delayed_retention is so little 
different that one method may be considered as 
good as the other. There was a slight indica-
tion that the material was better remembered 
when taught by the j,ndividual laboratory pro-
cedure. 
3. The briJ22ter students are likely to 
profit more by the lecture-demonstration method 
than are the oth~rs. 
The study by W. Vi/. Knox1/, vlh ich was ranked superior, 
is as follows: 
Problem: To establish the relative value of the 
demonstration and laboratory methods of science 
ins true tion. 
Conclusions, in part: 
1. The demonstration method is superior to 
the laboratory method in teaching mentally 
heterogenous groups of pupils for the purpose of 
immediate retention 8nd relatively permanent 
retention7of subject matter in high school chem-
istry. ...... 
2. For the purpose of imparting to a group 
of pupils a scientific attitude and training in 
a method of attack on new problems, the demon-
str1;3tion method is equal, if riot superior, to 
the laboratory method of instruction. 
3. From the standpoint of the coefficients 
of correlation, it appears that the demonstra-
tion method provides sur:erior opportunity for 
adaptation to individual differences in mental 
ability so far as teaching for immediate reten-
tion, delayed retention, and method of attack 
are concerned. 
4. So Ear as providing knowledge and method 
of attack are concerned, the laboratory method 
is slightly superior to the demonstration method 
in the case of the average inferior pupil. 
1/ Loc. cit. 
5. For the purpose of providing knowledge 
for both immediate retention and relatively 
permanent retention, and for the purpose of 
providing a technique for tandling new problems, 
the demonstration method is much to be pre-
ferred to the laboratory method in the case of 
the average superior pupil. 
Before stating the problem and significant conclusions 
of a study ranked inferior QY Keiserl/ according to the 
first six of the seven criteria developed by Stuit and 
Englehartg/, it should be recognized that the study made by 
Wiley1/ was a pioneer enterprise, being published in 1918. 
Probably it has been ran~ed as of inferior value because 
of the following factors: no mention is made of any attempt 
to measure the mental abilities of the pupils~/; the tests 
to measure immediate and delayed retention were of doubtful 
validity; the method of scoring the tests was highly sub-
jective; and there was no mention made of statistical 
treatment of the data found. 
The study made by William H. Wiley~/ is as follows: 
Problem: To determine the best of the three 
methods of teaching chemistry, the textbook 
recitation method, the so-called lecture 
Ldemonstratio~7 method, and the laboratory 
method. 
Conclusions, in part: 
1. There is not as great a difference 
.1/ Loc. cit. 
2/ Op. cit., pp. 380~391. 
3/ Loc. cit. 
~/ Note the date of publication of the first group 
intelligence tests. 
5/ Loc. cit. 
as is ordinarily supposed in the value of the 
three methods, lecture /demonstration? , text~ 
book, and laboratory, so far as imparting 
knowledge is concerned. 
2. For immediate learning the textbook 
method is unquestionably superior. 
3. For permanent learning _the laboratory 
method is perhaps slightly superior. 4. In every respect the lecture Ldemon-
stration7 method is the least effective in 
imparting knowledge to high school students. 
5. The rate of forgetting is greatest 
with the textbook method and least with the 
laboratory method. 
6. The different methods show decided 
individual differences both for immediate and 
delayed reproduction. 
7. Probably a combination of the three 
methods willgive the best results in teaching 
high school chemistry. 
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Stuit and Englehartl/have also made an excellent crit-
ical analysis of the lecture demonstration versus the indi-
vidual laboratory method of tea~hing high school chemistry. 
A summary of their report, which consisted of the combined 
conclusions of various investi gators, is as follows: 
Conclusions contending that the laboratory method 
i s s upe r i or : 
1. There is a slight indication that 
material was better retained when taught by 
the individual laboratory method - Anibel. 
2. The order of preference of the methods 
studied places the individual laboratory method 
before the demonstration method - Horton. 
3. In every respect the lecture method is 
least effective in imparting knowledge to high 
school students - Wiley. 4. For p ermanent learning the laboratory 
method is perhaps slightly superior - Wiley. 
5. For providing knowledge and method of 
1/ Op. cit. ; pp. 388-391 
attack, the laboratory method is superior for the 
inferior pupil - Knox. 
Conclusions claimi~_that the demonstration method 
is superior: 
1. Bright pupils are more likely to profit by 
the lecture-demonstration method than are the 
others - Anibel. 
2. Dull pupils profit more from demonstra• 
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tion than from individual laboratory work - Carpenter. 
3. The lecture-demonstration takes less 
time and costs less - Anibel. 4 .• The teacher (demonstration) method is 
best - Nash and Phillips. 5. Lecture-demonstration method gives better 
control over the individual since all are under 
teacher guidance - Pugh, 
6. For purpose of providing knowledge for 
both immediate and permanent retention and for 
the purpose of providing technique or handling 
new problems, the demonstration method is much 
to be preferred to the laboratory method in 
case of average superior pupil - Knox. 
Conclusions contending that the students achieved 
equally well by either method: 
1, Immediate retention is about equal in 
both lecture-demonstration and individual-labor-
atory methods - Anibel. 
2. There is not as great a difference as 
is ordinarily supposed in the value of the 
three methods, lectm~e, textbook - and labora-
tory, so far as imparting knowledge is concerned -
Wiley. 
3. The results of this experiment point to 
the conclusion that the majority of students in 
high-school, laboratory-chemistry classes, taught 
by the demonstration method, succeed as well as 
when they perform the experiment individually, if 
success is measured by instruments which measure 
the same abilities as are measured by these 
tests, namely, specific information and ability 
to think in terms of chemistry - Carpenter. 
General conclusions based on evaluation of the 
reported research: 
After considering the above conclusions 
the writers have arrived at a few ideas which 
seem justifiable in the light of the evidence 
-- __________ .;..___ 
given by this study. 
1. No me thod can be considered to be the 
best in every case. The objectives of chemistry 
teaching , t he preference of t he te a cher, the 
nature of the pupil, and the facil i ties of the 
schools will largely determine which method 
should be used. 
2. In small schools where money and space 
are not plentiful the lecture-demonstration 
method seems to be most practicable. 
J. The wr i tten test cannot be used to 
test all the outcomes of a course in hi gh school 
chemistry. Some sort of manipulative tests 
seem necessary to test the laboratory skills. 
4. 'Ehe problem of the relative merits of 
the lecture-demonstration and individual-labor-
atory methods still seems unsolved and as complex 
as ever. Mor e careful experimentation, involving 
careful control of non-e xperimental factors and 
reliable testing, is ne eded in order to justify 
any definite and final conclusions. When exper-
imentation has shown the relative superiorities of 
the methods in terms of out comes, the methods 
should be evaluated in terms of the values 
attached to these outcomes. 
Evidence of the evolution of teaching methods parti-
cularly by the visual method is apparent in the next study 
to be considered, that of Smithl/ • The visual method has 
been long recognized by leading educators as one of the 
most valuable ways of training pupils in all stages of 
learning. It is difficult, as a result, to find a school 
that does not, in one way or another, make use of visual 
aids in teaching . The alert teacher and administrator 
are constantly seeking suggestions and illustrations by 
means of which the vague conceptions of the pupils may 
be made into real facts and parts of their experience. 
1/ Herbert A. Smith, 11 A Determination of the Relative 
Effectiveness of Sound Motion Pictures and Equivalent 
Teacher Demonstration in Ninth Grade General Science", 
Science Education (April, 1949), 33:214-221. 
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Any method will not be it can provide both 
clarity and simplicity 
In the study done 
overlooked if 
combined)/ 
by Smit~/ the problem involved was: 
1. What is the relative effectiveness in ninth 
grade general science classes of experimental 
demonstrations performed by the teacher . ~nd 
equivalent demonstrations presented through the 
medium of educational sound motion pictures. 
2. The determination of the relative effective-
ness of these t wo instructional techniques with 
pupils of different levels of intelligence. 
In the plan of study three methods of presentation were 
used: (1) teacher demonstration, (2) use of films, and (3) 
a combination of teacher demonstrations and the use of 
films. The conclusions made, as a result of this study, 
were as follows: 
1. Educational sound motion pictures and teacher 
demonstration are of equal merit as instructive 
devices in ninth grade general science when they 
include essentially the same materials in so far 
as merit can be determined by the techniques em-
ployed in this investigation. The use of either 
method singly is as effective as the combination 
of the two. · ·· 
2. There is a tendency for increased intelligence 
as expressed in terms of an inte1ligence quotient 
to be accompanied by increased learning where 
learning is represented by the gain of final over 
initial test scores on the objective tests used 
in this investigation. The degree of relation-
ship is independent of the method of instruction 
1/ Paul Arthur, Lecture Demonstrations in General 
Chemistry, McGraw Hill Book Company, New York, 1939, 
pp. 2-4. . 
£/ Op. cit., pp. 214-215. 
• 
utilized indicating the same relative value for 
sound motion pictures and teacher demonstrations 
portraying essentially identical materials re-
gardless of tho leve l of intelligence of the 
students. 
Certain similarfties exist between the problem of 
this science seminar and the problem investigated in the 
study by Croxton.J/ His problem was stated thusly; 
11 Is the failure of children to generalize due 
primarily to lack of power or tendency, or is 
it simply due to want of sufficient experience •.•• " 
In this study most of the experiments tested the 
pupils 1 ability to formulate ·and apply a principle after 
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eight minutes exposure to the essential experimental basis 
in the form of a demonstration or directed play. The ten-
tative conclusions made by Croxton_g/ are as follows: 
1. The data indicates that many children in the 
higher primary, the intermediate, and the junior-
high school grades are capable of generalizing. 
2. While the exper iments do not prove that most 
pupils in the kindergarten and l ower primary 
grades could not ge neralize if a more adequate 
experience basis was provid-ed, the data together 
with the evident obses sion manifested by these 
children for obtaining emotional satisfaction 
do suggest that early chi ldhood is preeminently 
a period for satisfying reactions. 
3. There is little in these experiments to 
suggest that junior-high school pupils possess 
~arkedly superior abil i ty to genera l ize than 
interme diate gr ade Pl,lPils possess, the differ-
ence_ in the scores in _f avor of the Larmer being 
1/ w. C. Croxton, "Pupils' Abi li ty to Generalize", 
School Science and Ma t hemati cs (June, 1936), 36:627-634. 
2/ I bid ., p. 634. 
j 
little more than mi r!ht reasonably be credited to 
added experie!1ce . 
In sum:.naPy , therefore , o:t· the research and studies 
compiled by investi gators on t he value and the effective-
ness of the lecture-demonstrat ion , as compared to other 
methods of science te aching such as the individual labora-
tory method, the textbook method , and sound motion pictures, 
it can be concluded that the lecture-demonstration method 
of science teaching is equal to , if not better than, any 
other method of te aching . It incorporates direct experi-
ence of the pupil, pupi:l experience in thinking, utiliza-
tion of the senses, understanding processes , application 
of s cientific principles , and ability of the pupi1 to 
generalize. 'rhrough the use of the lecture-demonstration 
most, if not all, of these above qualities are satisfi ed. 
Again, the writer would like to ci t o the fact that the 
lecture-demonstr·ation method is equal t<2 , if not better 
than, any other method of teaching science. 
2 . Criteria for a Good Demonstration 
Statement of the problem.~-There are two problems involved 
in developing a list of criteria for a good demonstration} 
(l) to de.fine clearly the word 11 demonstration11 as it is to 
be used in thi~ experiment; (2) to evolve, through reference 
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to the literature, the criteria. 
Need for res e arch.--Since the demonstration is the 
ins true tional procedure selected for use in the experiment, 
it is necessary to clarify the meaning of the demonstration 
method. 
Noll]/ has pointed out the fact t h at investigators 
seldom define teaching methods carefully and minutely 
enough. Various writers have recognized the need in re~ 
search for acc-urate definition of terms. Like Noll, · 
Riedel~/ has made a plea for clear definition of teaching 
methods anq experimental procedures. Mack 11 has stated 
that there are as many definitions of 11 demonstra tion 11 as 
there are authors treating the subject. Prestonl±:/ also 
realized this and called for clarification and unification 
of terminolo gy. 
Most of the literature on the demonstration method 
fails to recognize the difference between the lecture-demon-
stration, the class experiment, and the illustrated lecture. 
1/ Victor H. Noll, The Teaching of Science in Elementarz 
and Secondary Schools, Longrams, Green and Co., London 
and Toronto, 1939, p. 63. 
2/ F. A. Ri e del, 11 What, If Anything, Has Been Proved as 
to the Relative Effectiveness of the Demonstration and 
Laboratory Methods in Science? 11 School Science and Math-
ematics (May, 1927), 27:51~. 
3/ Joseph A. iVIacl{, 11 Desirable Qualities in Demonstration · 
lpparatus 11 , School Science and M~thematics (Jan., 1950), 50:21. . . . . . 
4/ Carleton E . Preston, 11 Is the Debate in Common Terms? 11 
Science Educatio_!2 (February, 1935), 19~14-16. 
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Preston 1/ attributes much of the success of lecture-demon-
strations to their actually being class experiments. 
Definition of demonstrat ion.--The demonstration is in this 
experiment actually a lecture-demonstration. Reference to 
the literature will help to clarify the meaning . First , 
the 11 demonst1·ation 11 is defined by the Dictionary of Educa-
tion~/ as follows: 
The 
11 (1) The method or process of presenting or 
establishing facts ; (2) the procedt~e of doing 
something in the presence of others either for 
means of showing them how to do it themselves 
or in order to teach a principle." 
same sourcel/ defines the lecture-demonstration thus: 
nAn instructional procedure in which the verbal 
message is accompanied by use of apparatus to 
illustrate principles, determine or verify facts, 
clarify different parts, or test for comprehen-
s ion of material under discussion." 
PrestoJ±/ further clarifies the con cept of the lecture-
demonstration as distinct from the class experiment: 
"In true lecture-demonstration the teacher shows 
everything, explaining or interpreting each point 
as he, or some pupil, performs the work. In true 
class experimentation the teacher endeavors, by 
well-directed questions , to get the members of 
the cl ass to observe or come to conclusions them-
selves as to t he proper interpretati on, and per-
haps to plan further steps or procedures. Thus, 
1./ Loc. cit . 
2/ Carter V. Good (Editor), Phi Delta Kappa , Dictionary 
of Education , McGraw- Hi ll Book Company, Inc., New York, 
1945 , p. 124. 
3/ ~., p. 23B 
4/ Carleton :c; . Preston, The Hip-.,h School Science Teacher and 
His Work, McGraw -Hil l Book Company, Inc., New York and London, 
193o, PP• 192-193 . 
in t:1e J.e c ture -demons tre tion the flow of information 
and explanation is from teacher to pupils; in the 
class experiment it is exactly the opposite." 
Elsewhere, in defining lee tl.J.re -demons t~a tion, Pres ton1/ 
makes the point t hat 11 no questions interrupt the speaker 
and he asks his audience none, other than for rhetorical 
effect. 11 
Preston, however, does not distinguish the lecture-. 
demonstration from the illustrated lecture as does the 
Encyclopedia of Modern Education;~/ 
11 The lecture-demonstration differs from the 
illustrated lecture in that the latter focuses 
attention on the screen and shows the relation-
ships by means of pictures, slides, moving 
pictures or sre cimens Yvhile the lecture-demon-
stration focuses attention on the lecturer who 
shows the relationships through the use of 
manipulation of physical material, machines or 
appliances. 11 
The meaning of 11 demonstration11 is further expanded by 
the following observation made by Mack:]./ "Inherent in the 
concept of demonstration is t he factor of movement of mater-
ial t hings, not a static condition or display." This so-
called dynamic quality of the demonstration leads !·.1acJ±/ 
to exclude from t he demonstration procedure c.ertain stand-
ard teaching materials: 
1/ Carleton .D. Preston, "Is the Debate in Common Ter ms?" 
~cience bducation (February, 1935), 19:14-16. 
~/ Harry N. Rivlin, Encyclopedia of Modern Education, The 
Philosophical Library of New York City, New York, 1943, p. 452. 
J/ Op. cit. , p. 21 • 
.!±/ Loc. Cit. 
S~nn Un!v•·-., .. 
School of Ed.'-""·'"·-
. .,-.,,,;~ Liurary 
"object~, unless they can be oy,:e rated . • . so 
also, specimens, samples and parts ... Likewise 
models, as such, are barred unless they are 
working models; $0 also, miniatures and enlarge-
ments.11 
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Although micro-projection te¢hniques are gaining increasing 
favor in demonstration work,l/ it would seem that this 
method should also be excluded en the same basis as the 
other visual aids. 
Further, IV(ack,g/ states that tP.e demonstration is 11 an 
appeal through the senses of sight and he aring and less 
frequently through the other se ns es. 11 He woul d , there.for·e, 
exclude from demonstration work materials that appeal to 
only one s ense; s uc h as, transp arencies, p i ctures, charts, 
recordings and radio reproductions. 
Thus certain characteristic s of the demonstration have 
been determined by definition. These are: 
1. The demonstration is an instructional procedure. 
2. It is frequently us e d t o teach principles. 
J. It di f f ers from the cla ss experiment. 
4. It differs from the illustrated lecture. 
5. Movement and action ar e essential. 
6. It is an appeal thro ugh two senses: sight and hearing. 
Th e necessary impli c ations of each of t hese statements have 
already been suggested. 
1/ Mary A. Ott, 11 Microtechnique for Proj e ction Demonstration 
in General Science", School Science and Mathematics (January, 
1946), 46 :68-73. 
~/ Op. cit., p. 21 
Review of the literature.--A review of the literature 
was made in order to discover those basic principles which 
might be used as a guide in doing demonstrations. 
First , a search was made to locate any previous studies 
that paralleled this investigation. The Bibliographic 
Index provided the necessary references. It was found that 
many investigators had subjectively listed criteria in one 
form or another. However, only one study, documented with 
references, proved similar to this one. Mack~/ covered 
many of the same sources in developing his checklist for 
evaluating desirable qualities of demonstration apparatus. 
He lists as 11 factors 11 those conditions inherent in the 
physical surroundings and in good techniques and as 
11 qualities 11 those conditions inherent in the apparatus. 
Much of his research had to be duplicated in this review, 
but for a different purpose which called for more complete 
and descriptive statements. 
A working bibliography was developed consisting of 
five types of sources: (l) professional journals and 
science publications, (2) me thodology textbooks, (3) teach-
ing science textbooks, (4) audio-visua l texts and 
(5) books on experiments. The following reference sources 
were consulted: Bibliographic Index, Encyclopedia of 
Educational Research, Bibliographies and Summaries in 
];_/ Op. Cit ~, pp. 19-31. 
Education, Reader's Guide, International Index, Ulvich's 
Periodical Directory, Vertical File Service, and the 
Education Index. 
There was great variety in the nature of the material cov-
ered which included such items as: 
1. Steps to follow 
2. Desirable qualities 
J. Desirable characteristics 
4. Points to keep in mind 
5. Rules for demonstrating 
6 . Suggestions for making demonstrations effective 
7. Criteria 
8. General discussions of the demonstration method 1 
Works included in this study fall into four categories: 
(1) Those vhich deal with the demonstration in a general 
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sens e; (2) those from the field of biology (3) those from 
the field of physics (4 ) those from the field of chemistry. 
Several of the authors in the first category, the 
"general" , emphasize only one or a few aspects of the use 
of demonstrations . In discussing the presentation of 
example demonstrations, Cahoon!:/ indicates certain steps 
taken to insure effectiveness of the demonstration and 
emphasizes only visibility and size of apparatus. 
V G. P. Cahoon, "Using Demonstrations for Providing Pupil 
Experiences in Thinking 11 , Science Education (October, 1946), 
30:196-201. -
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Colvinl/ offers three cautions to be observed in class demon-
strations. Hoff'_g/emphasizes only visibility and planning. 
Pinkusl/ suggests the need for apparatus especially designed 
for demonstration purpbses and stresses the factor of visi-
bility. 
A few in this same group attempt more detailed coverage. 
Potthoff,g/ for example, offers several suggestions for per-
forming demonstrations effectively and contributes many ex-
cellent ideas. In discussing the art of lecture tabl~ 
. 5/ . demonstration, Dav1son- ment1ons several rules to follow 
6/ in demonstrating. Rakestraw- touches .on six different 
aspects of the good demonstration in his extensive discussion 
of lecture-demonstration. 
i/ Stephen Sheldon Colvin, An Introduction to High School 
Teaching, The Macmillan Company, New York, 1924, Ch. 12. 
£/Arthur G. Hoff, Secondary School Science Teaching, The 
Blakiston Company, Philadelphia · and Toronto, 1947, pp. 188-
189. 
Jl L. F. Pinkus, "Some Suggestions in Demonstrations", 
Science (October 2J, 1933), 78:364. · 
4/ Edward F. Potthoff, ''The Use of Demonstrations in Science 
Teaching", Science Education (December, 1945), 29:253-255. 
5/ H. F. Davison, 11 The Art of Lecture Table Demonstration", 
Journal of Chemical Education (June, 1927), 2:443-7. 
6/ Norris W. Rakestraw, 11 The Function and Limitations of 
Lecture Demonstr~;~tion";, J01.U'nal of Chemical Education 
(November, 1929), 6:1802-1886. 
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Still others in the "general" group have systematically 
attempted to list criteria in some form . Billinger]:/ lists 
five r equirements for a succesful demonstration . Dale_g/ 
offers fourteen suggestions for improv:i.ng demonstrations 
and eleven questions for evaluating them. Under 11 demon-
str·ation tec::O.niques", Haas1./ lists ten steps to be com-
pleted before conducting the experiment and five sugges-
tions for conducting it. Heissl±/ elaborates on s even ex-
cellent rules for demonstrating. Holley.2/ lists seven 
things a teacher can do to insure successful demonstrations. 
Mack~/ developed a l engthy checklist of desirable qualities 
in demonstration apparatus . In a group thesis edited by 
Murrayl/, fiv e criteria for a demonstration were listed 
1/ R. D. Billinger, "Le c ture Demonstration Experiments", 
J ournal of Chemical Education (Augus t, 1937 ), 1~. :375-7. 
2/ Edgar Dale , Audio-Vi sua l Methods of Teaching, The Dryden 
Press , New York:-]346, p . 125 .130 . 
3/ K. B. Haas, 11 The Demonstration and Field Trip as Training 
Technique s ", Busines s Education World (Ji'ebruar·y, 1951), 
31:291-293. 
4/ Elwood D. Heiss , Charles W. Hoffman, and Ellsworth S. 
Obourn, Modern Me thods and Materia l s for Teaching Science, 
The Ma cmill an Company , New York , 1950 , pp. 171-2 . 
5/ Charles Elmer Holley , Higyh School Tea.£E.ers Method~, The 
Garrard Press, Champaign , Illinois, 1937, p. 229. 
~/ Op. cit., p. 27-29. 
7/ Chalmers Murray (Bditor ), New and Impro ved Demonstra-
1ionsi Ea ch Illustrating a Sinkle Sc ienc e Pririciple, Un-
publi shed l'1Taster 1 s Thesis, Boston Univer s ity, 1950. 
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which had been developed in a seminar discussion. Richard-
son and Cahoonl/ list five criteria for a good demonstra-
tion . Selberg2/ lists sixteen common errors in demonstra-
tion techniques (actually cl8ss expe riment techniques) and 
offers an excellent plan to follow in do ing classroom demon-
strations. In the second category, the works from the fie ld 
of biology, only one study was found. Grametd/ lists eight 
characteristics of the good demonstration . 
In the third category , works from the field of physics, 
the same breakdown can be made as f"or the first category. 
Among the few who emphasize only one a spect , Coy1e4/ 
stresses the value and importance of vert i cal mounting of 
apparatus on special boards. Also, Sutton~/ stresses the 
need for simplicity and originality. Among his suggestions 
I 
for improving physics teaching, Weaver§/ stresses visibil-
ity and size of apparatus. 
1/ John S. rlichardson and G. P . Cahoon, Methods and Materials 
for Teaching General and Physical Science, McGraw- Hill Book 
Company, Inc., New York , Toronto and London, 1951. 
2/ Edith M. Selbert , !lA Plan for Developing Better Techniques 
In Giving Science Demonstrations , Science Education (October, 
1 932) , 16:417-420. . ' 
3/ Charles A. Gramet, "Demonstration Lessons in Biolo gy", 
Science i:~ducatlon (February, 1934), 18:33-36. 
1±/ J.P. Coyle, E . C. Hmsen, and R. B. Coe, "Demonstra-
tions Made More Visible"~ Chicago Schools Journal (November , 
1941), 23:64-8. ' . 
5/ Richard Ivi . Sutton , "The Importance of Scientific 
I nstruments 8-nd Appar8.tus to the Te8.chers of Physics", Review 
of Scientific Instruments (December, 1941), 12:.573-582. 
6/ Blbert C. \ieaver , 11 Te8.ching Physics Effe ctively", 
School Science and Mathemat ics (May 1944), 44:402. 
Hitchcock-~/ emphasizes acti_on as the essential qual-
ity of good demonstrations and includes, as he elaborates 
this theme, many othe r criteria. 
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Duffy is · the only one in the field of physics to make 
a systematic listing. He enumerates nine desirab le qual-
ities in demonstration experiments. The fourth and final 
category, the works from the field of chemistry, may be 
similarly analyzed . Arthurl/ presented a l engthy discussion 
on visibility including many excellent suggestions. Reedbt/ 
discusses in some detai l fotw aspects of good demonstrations 
and techniques . Wiles.2/ als o deals only with a few aspects 
of successful demonstrat ions. 
Dunbar£/ lists e leven desirable characteristics in 
demonstrations. His list is based on Duff 's and includes 
1/ Richard C. Hitchcock , nr Like Action in Physics Demon-
strationsn, School Sc ience and Mathematics ( December, 1941), 
41: 832 -839 . - · 
2/ A. Vi . Duff, rrDes irable Qualities in Demonstration Ex-
~riments11, School Science and Mathematics (November, 1 928 ), 
28 : 857 . 
3/ Paul Arthur , Lecture Demonstrations in General Chemistry, 
Mc-Graw-Hill Book Company, Inc.~w York and London, 1939:" 
Ch. 1. 
!±_/ Ru:fus D. Reed , " Hi gh School Chemistry Demonstrations ", 
Journal of Chemical Educa~ ( November, 1 929 ), 16:1905-9. 
5/ L. A. Wiles, 11 The Value of Lecture Table Demonstrations 
In the Teaching of Chemistry", Journal of Chemical Educa -
tion ( September, 1928), 5:1109-lllr:---
6/ Ralph E . Dunbar, 11 Some Desirable Characteristics in 
Chemistry Demonstration Experiments n, School Science and 
Mathematics (January, 1950 ), 50:·19-31.-.--
• 
specific examples in chemistry, Frankl/ provi des twe lve 
sugges tions re garding use of class demonstrations which 
he believes to be justified by the experience of a number 
of teachers. Gould.?./ enumerates on e ight to consider in 
planning and performing demonstrations. Van Hornell 
offers five suggestions for the preparation of apparatus 
and materials and four rules to follow in conducting 
demonstrations. 
Tr e atme n t of the data • ..;.-From the literature selected 
for inclusion in the study, each separate statement which 
seemed to form the basis of a possible criterion was noted 
on an individual card. Items were acce p ted for considera-
tion if they were me ntioned once. They were rejected on 
the basis of (l) inconsistency with the definition of a 
demonstration developed, or (2) inconsiste ncy with the 
design of the experiment. The items t hus selected for 
inclusion in the list of criteria wer e organized into the 
outline v~ich appears below. The criteria themselves are 
listed as maj or statements. Suggestions for implementing 
them are listed as sub-topics under the criterion to Which 
they seem best to apply. This arrangement is entirely ar-
1/ J. 0. Frank, The Teaching of High School Chemistr:g, 
J. 0 . Frank and Sons, Oshkosh, vv isconsin, 1932, p. 8 -9. 
2/ Arthur B. Goul d , " Demonstration Experiments and Their 
Place in the Teaching of Ch emistry", Journal of Chemical 
Educati£!2 (February , 1931), 8:297-302. 
3/ Donald Van Horne, "The Lecture Demonstration Method 
In High School Chemistry", Journal of Chemical Education 
(January, 1930), 7:109-116. · 
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6o 
bitrary. Many of the items organized as sub-topics were 
in some studies listed as a 11 major criterion 11 • Various 
items included as sub-topics were mentioned by ~ifferent 
authors in different places. However, an arbitrary organ-
ization seemed justified on two bases: (1) no two of the 
1/ 
studies duplicate each other- ·; and ( 2) the nature of the 
material covered is of such diverse nature. The criteria 
thus organized were submitted to the seminar for criticism 
and revision. This list was accepted as it appears below. 
Selected criteria.--The criteria for a good demonstra-
tion as used in this experiment are as follows: 
CRITbRIA FOR A GOOD DEMONSTRATION 
I. THB DEiMONSTRA'riON SHOULD ILLUSTRATE; A, BASIC PRINCIPLE. 
II. Tllli DBMONSTRATION SHOULD ILLUSTRAT.c; ON.!:!, PRINCIPLE ONLY. 
III. THE ACTION OF TH.i:'.. DbMONS'.rRNl,ION SHOULD B.c; CL:MRLY 
VISIBLE; AN)) AUDIBL:t, 'l'O ALL. 
A. Remove all the audio-visual distractors. 
B. Make sure the lighting facilities are adequate. 
Spotlight or otherwise sufficiently illuminate 
the thing being demonstrated. 
C. Adjust ~ndow shndes so that students can see 
from all parts of the room. 
D. If necessary, rearrange the seating so that 
everyone has an unobstructed view. 
l/Dunbar 1 s list of desirable characteristics is based 
on the list developed by Duff. 
E. be sure that those with poor hearing and 
vision are seated ~ppropriately. 
F. Have the demonstration table arranged so 
that all pupils can see the demonstration. 
l) Vertical mounting of apparatus is es-
pecially effective. 
2) Place the apparatus well forward on the 
desk, facing out toward the pupils. 
3) Place demonstration table in best posi-
tion for all to see from all angles. 
G. ~herever possible, make use of color contrast 
to make the apparatus or materials stand out. 
IV. THE APPARATUS SHOULD BE ON A LARGb SCALE. 
A. The apparatus must be clearly visible from the 
furthest corner of the room. 
B. ~here a thermometer (or other meter) is essential 
to the demonstration, use a mock-up or IDrking 
model to help the class visualize this part of 
the procedure. 
c. Large signs and diagrams may be used to 
supplement the spoken word. 
l) They must be previously prepared. 
2) They must be clearly visible to all. 
3) Green print on yellow is preferable to 
black on white. 
V. THE DEMONSTRATION SHOULD vvORK: IT SHOULD BE AS IN-
FALLIBLn AS POS SI BLh. 
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A. Apparatus should be in sound working condition. 
* B. Apparatus should be as simple as po~sible. 
1) Simplicity of operation. 
2) As few parts as possible. 
3) Avoid crowding, overlapping and masking of 
the parts. 
v c. The demonstration should be rehearsed in advance. 
D. The demonstration should be well-planned and 
prepared . 
1) Se t up apparatus and have all materials 
carefully arranged on the demonstration 
table before the class meets. 
2) All· the neces sary measur ing and weighing 
should be done before class. 
3) Sc ales and graduates should be placed 
away from the demonstration table when 
no longer in use. 
VI. THE DEMONSTRA11ION SHOULD B1 SIIVIPL.t. AND THE SP.r;ED OF, 
ACTION .SUITABLE. 
A. Use simple setups and place the equipment in 
order on the table so that the action can p~o­
c ee d logically. 
~--These might wel l be separate criteria. 
B. Talk while you work. Be sure to: 
l) Emph?si~e the main points; do not digress. 
2) Keep summarizing as you go along. 
3) See to it that the demonstration moves on 
quickly to a conclusion; do not hurry or drag. 
c. Use a simple vocabulary. 
VII. THE DEMONSTRATIO.N $HOT,JLD BE DYNAMIC. 
A. By definition, movement and action are essential 
to the demonstration. 
B. Positive effects of motion are more impressive 
than null effects of static display. 
VIII .A SLIGHT DRAMATIC l~LEMENT IS SOMETIMES USEl"UL. 
IX. AN bLEMBNT Oli THE UNEXPECTED IS SOMETIMES EFFECTIVE. 
X. THE APPARATUS SHOULD BE OF EASILY AVAILABLE AND INEX-
PENSIVb MATERIAL. 
XI. THE APPARAT-uS USED IN 1'HE GIVEN DEMONSTRATION SHOULD BE 
STORED A\vAY IN1'ACT UNTIL IT IS TO BE USED AGAIN. 
The frequency with which the above mentioned criteria 
were mentioned by the sources consulted is indicated by the 
chart below. The count was made merely for general interest. 
It has, however, certain obvious values. The frequency of 
mention of the various criteria provides means of establish-
ing their validity. The table shows the relative importance 
of the criteria as recognized by these authorities. 
Table 1. The Frequency of Mention of the 
Selected Criteria by the Sources 
Consulted. 
Criterion Number Author-
Source 1 21 3 4 5 6 7 e 9 10 11 
l. Arthur ••.••• 
2. Billinger •.• x 
3. 4. 5. 
Cahoon •.•••• 
Coyle •...••• 
Colvin •••..• 
6. Dale .......• 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
7, Davison •...• X X X X X 
8. Duff ••.....• X X X X X X 
9 • Dllilb ar •.. , , • X X X X X · X 
10. Frank ••.••.• X X X 
11. Gramet •...•• X 
12. Gould •• , ...• x x x 
13. Haas........ x 
lLJ.. Heiss • . • . . . • x 
15. Hitchcock, •• 
16. Hoff •••....• 
17. Holley. • • • • . x 
X 
X 
X 
X 
X 
X 
18 , Mack.. . • . . . • X X X X 
19 . Mur ray •.. , • . x 
20. Pinkus. o • • • • I 
21. Potthoff ••.• 
22. Rake straw .•• 
23. Reed ....... . 
24 . Richardson •• 
2 5, Riedel • • • . • • X X 
X 
X X 
X X 
x.x 
X 
X X 
X 
X 
29 . Weaver x x 
X 
X 
X X 
X 
X X 
X 
~I 
X X 
X X 
x 1 x 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X X 
X 
·x 
X X I 
X X 
X X 
X X X 
X X 
X 
X 
X 
28. Van Horne ... I x 
3 0 • W i l e §\_. • • • • • • 1 x r-.:;:X;..-r.,-;x~,..:;x~+.,:;-t--+---·-r---+--.:.-
Fr_equenc.v- • . .. o • • , _111 !. 7 i .~ 5 l lft_~_WJ-_ 4 7 2 
--=c,....r....,.i_,.t-erion nwnber 1 2 ! 3 I 51 o 7 I 7 .. 9 T 11 
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3. The Test Technique 
A. Structure of the Test 
Multiple choice item~.--The test is composed of approx~ 
i mately thirty multiple choice items. Ea ch item is !n the 
form of an i n complete sentence, or a question, r e ferred to 
as t he stem, accompanied by t h ree or more possible responses. 
Of the possible responses presented to the examinee, one is 
the best response. The examinee is also pr.esented an 
answer sheet upon which he checks in the parenthesis the 
' response he has selected. The construction of the response 
items, in accor dance with . 1/ s u ggestions made by Ross- , has 
been grammatically con sistent, approximately of equal 
leng th, and plausible, in so far as p ossible. The writer 
has endeavored to make the type of responses for each item 
homo geneous in nature, in order to detect higher levels of 
understan ding and di s crimination. 
This 11 best-answer 11 variety of the multiple choice test 
means simply that one respons e best refers to the stem of 
the item. Each item provi des "a response that competent 
critics can a gree upon as best."~/ The competent critics 
in this specific situation compose a group of in-service 
11 C. C. Ro ss, Measurement in Today 1 s Schools, 
Prentice-Hall I n c., Ne w York, 1947, p. 150 
2/ R . L. b bel and E . F' . Lindquist (Editor), Educational 
Measurement~ Geor ge Banta Publishing Co., Menasha, 
Wisconsin, 1951, p. 232. 
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science teachers. The writer has taken great care to 
11 make all distractors plausible and attractive to examinees 
who lack the information or ability tested by the item11 ,l/ 
and "avoid highly technical distractors".'.£/ In reference 
to the multiple choice type test, OdellJ/ states that 
11 they may be used to test not only knowledge of facts and 
amount of acquired information, but also knowledge of cause 
and effect relationships, ability to make comparisons, to 
evaluate, to apply, to illustrate, to define, and so forth. 
They are easier to prepare, and also to score, t han some of 
the other types." He further addsg/ "almost all kinds of 
multiple answer tests can be constructed so that they 
possess practically perfect objectivity." The sc orer is not 
faced with the problem of partial credit on this type of an 
examination. Either t he response that is checked upon the 
paper is correct, or it is not correct, with no qualifica-
tions. 
Levels of difficulty.--The writer is making an attempt 
to determine to what probable extent application and recog-
nition, as well as understanding of a scientific principle 
1/ Op. cit., p. 234. 
'l:_j Ibid e ' p • 2 3.5 • 
3/ c. W. Odell, Traditional Examinations and New-Type 
Tests, The Century Co., New York and London, 1928, p. 282. 
4/ Op. cit., p. 282. 
have been gained through the demonstration activity. For 
this reason, it is necessary for the examiner to approxi-
mate the difficulty range of the test items which he has 
prepared. It is well recognized that there are various 
levels of learning.l/ In order to measure these levels of 
learning, a testing device of various levels of difficulty 
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must be constructed •. The actual judgment of item difficulty 
must be l eft up to the subjective judgment of the test con-
s true tor. "The use of sub jec ti.ve judgment in estimating 
item diffi culty at the stage of item construction is to be 
encouraged. Such judgments, when bssed on all av .ailable 
experience, are distinctly helpful in leading to the con-
struction of items of the desired difficulty. 11_g/ The con-
structor ha s ample opportunity to construct the items of 
various degrees of difficulty by using more remote subject 
matter applications, or by including unusually good dis-
tractors in the test items. Odell3/ states that, in 
reference to good distractors, "their selection Ldistractors7 
will depend to s ome extent upon how difficult it is desired 
to make the test. Incorrect answers should, however, never 
be obviously incorrect to a pupil who knows little or 
1/ W. A. Brownell and U. M. Sims, The Me asurement of 
Understanding , Forty-fifth Yearbook, National Socie£y 
for the Study of Bducation, 1946, University of Chicago 
Press, Chicago, Illinois, pp. 27-43. 
2/ K. W. Vaughn and E . F . Lindquist (Editor), Educ ational 
ieasurement, George Banta Publishing Co., Menasha , 
Wiscons in, 1951, p. 174. 
J/ Ibi~., p. 286. 
Q8 
'-
nothing of the matter dealt with •••• 11 
The various l eve ls of learning may be broken down to 
three broad r .ategories. The first level _of learning may 
be l abelled, or described as mere factual retention. The 
second level employs enough understanding of the factual 
retention so tha t the learner can recognize and apply, in 
simple situations, tbe principles or con cept s which he has 
retained. The third level of learning is reached when the 
learner can recognize and apply the under st anding of the 
factual material to mor e complex, unfamiliar} and difficult 
situations. The test has been constructed with these three 
levels of · learning in mind. The fi rst third of the test is 
concerned with items of the first level of l e arning, and so 
on . Thus, the test c an be said to measure t hree levels of 
learning, all conc erned with the same demonstration, and 
the same scientific principle . This me thod of testing 
t e lls the examiner to approxima te ly what extent the pupil 
can rec2ll, understand, or apply the principle. 
Voc abulary.--It is only lo s ical f or one to assume that 
the vocabulary used throughout the experiment must be consis-
tent, or at least on the same l e vel. Vocabulary comprising 
the test must, of necessity, be equivalent to that used 
during the demonstration. Inconsistent vocabulary is one of 
the factors which could unfa v orably affect the reliability of 
the testing program. If the vocabulary within the testing 
device is inconsistent with that of the oral demonstration, 
one can expect a low reliability of the whole testing pro-
cedure. Reliability, itself, is the consistency with which 
a test measures "what it measures''. 
The vocabulary of the testing device has been amended by 
the critic-jury to establish consistency of vocabulary 
throughout the experiment and vocabulary comprehension at the 
grade level at which the test is u_sed. 
The test tryout.--"After a set of test items has been 
written, criticized by subject matter experts, and revised 
on the basis of their criticisms, it must ordinarily be 
tried out experimentally on a sample of examinees." 1/ 
Prior to any experimentation, the test was subjected to a 
tryout on at l east one hundred pupils of equivalent age 
and grade level, but are not included in the experiment. 
This independent tryout tended to expose any unusually poor 
items , or poor distractors among the possible responses. 
Such items could be dropped completely from the test, or 
eliminated in the final tabulation of the total results. 
As was stated previous ly, the total number of' items 
in the test approximates thirty, but some may be dropped 
due to the discretions of the critic-j1~y, or as a result of 
the test tryout. 
]) H. S. Conrad and E. F'. Lindquist (Editor), Educati~onal 
Measurement, George BaRta Publishing Co., Menasha, Wis-
consin, l 9Sl, p. 250 . 
io 
The test pc;;riod.--The length of the testing period for 
both the pre-test and the post-test has been indefinite, in 
so far as no specific time limit has been set for either of 
the tests. The test period may continue on until every 
pupil has completed the test, in so far as possible. Each 
pupil is allotted sufficient time to at least read all of 
the items presented him. A multiple choice test of thirty 
items can be approximated as requiring a~out ten minutes to 
be read through completely. Odell]/ has recommended that 
11 on the average elementary-school pupils be expected to 
respond to three or four such exercises Lfiultiple choice 
item~7 per minute. 11 
I 
By allotting sufficient time for ~ll examinees to 
attempt all the items, the influential factor of time it-
self is eliminated. As stated by Lindquist,_g/ 11 The most 
common way of reducing or eliminating the influence of time 
on tests is to set the time limits so liberally that all, 
or nearly all, pupils are able to consider or attempt all 
the items in the test." Pupils are told to complete all 
items, and are watched to see that they keep at this task 
until f'inished. 
,!/ C. v: . Odell, Tr_adi tional Examinations and New-Type Tests, 
The Century Co., New York and London, 1928, p. 2e5. 
2/ A. E. Traxler and E. F. Lindquist (Editor), Educational 
Measurement, George Banta PublO:,shing Co,, Menasha, Wiscon-
sin, 1951, p. 340. 
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B. Aims and Use of the Test 
Employing statistics.--The test is an instrument 
devised to obtain statistics f'or measuring growth of learn-
ins , due to a specific educational experience, namely a 
scientific demonstration. Every effort has been made in 
the construction oJ the te;:Jt to measure as precisely as 
possible, the "meaningful learning" that has been grasped 
by each pupil subjected to the demonstr a tion and the test-
retest procedure. 'rhe only descriptions of t he learning 
and understanding that have taken place are the statistics 
which can be applied to the results ot· the tests taken by 
the examinees. In accordance with Guilford,l/ it appears 
obvious that 11 statistics enable us to summarize our results 
in meaningful and convenient form". The summaries of the 
test results will enable educators in the field of science 
education to ma~e general conclusions and predictions con-
cerning the presentation of the particu~ar scientific 
principle that has been demonstrated. Experimental and 
statistical methods cannot be divorced from each other, in 
so far as, 11 The experiment directs our observations and 
yields data. By means o:(' statistical methods, we can sum-
marize those data, interpret them, and determine their 
1.1 J. P. Gu.ilford, Fundamental Sta tfst_ics in Psychology 
and bducation, McGraw-Hill Book Co., New York and London, 
1942' p. 3. 
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In this respect, Brownell-~/ has stated that 11 Altogether 
too commonly undeJ•standings are disregarded in evaluation 
(and in teaching) in favor of outcomes which are more easily 
measured (and achieved) . 11 
Test-retest method. --If the educator is to measure 
growth , or le arning, due to some specific learning activity, 
he cannot overemphasize the "importance of knowing initial 
status with respect to understanding. u}/ The writer is 
convinced that the only reliable method of measuring the 
amount of learning, due to some specific activity, is by 
means of the test-retest method. That is, by administering 
identical tests prior to, and after the learning situation. 
It is conceded that 11 not all the gain found can be correctly 
attributed solely to the r emedial program {the demonstration 
perio.£1 Some of it is doubtless due to the practice effect 
or to familiarity with the test itself, par t of it to 
teaching received outside of school , and part of it to 
natural growth . 11g/ Por purposes of predicting this 11 probable 
gain 11 , the writer has made use of a control group in the ex-
perimen t • 
.±/ J. ? . Guilford, Op. cit., p. 156. 
2/ w. A. Brownell, The Measurement of Understanding, 
Forty-fifth Yearbo ok, Nati onal Society for the Study of 
Education, 1946, University of Chicago Press, Chicago, 
Illinois, p. 2. 
3/ H. R. Douglass and H. F. Spitzer, Forty-fifth Year-
book, Op. cit., p. 24. 
4/ c. C • R o s s , Op • c i t . , p • 2 06 • 
..,..-
vv·ha t the test endea_vor s to determine. --Any increase 
in scores of the control group on the post-test (the same 
test that has be en given the second time) may be labelled 
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as the probable ga in that can be attributed to familiarity, 
or external factors concerning the test. The writer has 
sought to determine t he significant increase of the scores 
on the post-test of the experimental group, and compare 
this incrense wi th any possible increase made by t he con-
t rol group on the pos t-test. By know i Lg a-:-Jproxi mately 
what p ercent age gain on the test scores may be attributed 
to 11 chance 11 , as determined by the control group, the writer 
is abl e to conclude in this instance, that any significantly 
larger gain in the scores of the experiment group has been 
due to l earnin g gained during the demonstration process. 
Assuming that the construc ted test is both reliable 
and valid, statistics applied to the results emanating 
from the test will yield i nvaluable data in predicting at 
what grade, or grades this specific scientific principle 
can be pr es en t e d with predicti vely good results. Statis-
/ 
v 
t ica l interpretat ions of the test results are the means to 
these predictions. This is stated in essence by Guilforct1/ 
who st ates that 11 statistical reasoning is basic to all pre-
dictions 11 • 
1/ Ibid., p. 176. 
C. Characteristics of the Test 
Reliability of t he t~~s t. --The reliability, being the 
.precision and consistency with which the test measu~s 
"what it measures 11 , is a most important characteristic of' 
the test. In this speciL~ c testing situation, the scores 
on the pre-tests and pos t··tests given to the experimental 
gro up cannot be correlated for purposes of' determining 
reliability since the material being tested has been 
presented to the examinee~l in the period intervening the 
two tests. 
All external factors concerning the test have been 
kept as consistent as possible. The element of time does 
not detract from the r e li.s1bili ty, because provisions have 
been made for each pupil to at least consider all the test 
items. The influential time f a ctor has been kep t at a 
minimum. Lindquist]/ concur s in st8.ting that ttThe procedures 
/testinB7 become e ntirely unsatisfactory particularly in any 
test in whi ch speed is a si gnificant element in the score". 
The sampling of the rr. ~aterial has been adequate, since 
al l the test items have been constructed on the basis of' a 
single s cientific demonstration. A test of high reliability 
is further assured in the length of the test. It is gener-
ally conceived that the longer the test, the higher the 
1/ E. F . Lindquist (Editor), Educational Measurement, 
op. cit., p. 617. 
reliability. The test in consideration contains approxi-
mately thirty items, mea::;uring the understanding derived 
from a single sc1entific principle. 
Validity .--Validation of the test items has been by 
jury, es mentioned previously. The jury was composed of 
in-service science teachers. 
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1. .. !ntrod.uo-tion 
The following ·wall e,n attempt· to me sure what per o nt 
of fourth and eixth,...gl•ad.e students :from a ropre.eentativ 
suburb:::m ... rea under&tood a aoienaa principle b f'or and 
afte:t~ it W~M~ e .. "'pla.ined t .o tht;m. Tbe princi.ple demonstrated 
and tested wae, "The colors of obj,eots depend on what light 
raye they t~11.u:uuni t,~ .absc;rb, or reflect. 1~ Ever . l o. terGpt wa.e 
-mda .to tmve the experin1ent concur· d th the specif.iaa ti Clns 
outlined ·in t'h.e pr¢eeding ohapte·r. 
2. 'l'he Popul.stion 
The town selected is a pros:peroue reeidel'l.tial uburb 
of Bo&to . • It rtas a population of nellrly 40,000. The town 
contains no m~j or il':tduetry and the :f«tthex·s of the &ohool 
children test d are mostly business men o.f son:e nron~inence . 
·The children &eemod ur1usually alert and. their IQ' 
were well above average .. The five sebools ohosen w re 
fairly .modex·n in eonstl"uotion arld had excellent librariee 
col'ltaining good. acianae booke., The classes ·ere aou:ewhat 
smaller th8.n usual, and al t hougr.1 no def'ini t .e science :prograL"l 
existed, most. of the teaoif.~:ere . enid that science topic ere 
frequently discussed. A b:rea.l-<down. of the population can be 
-?6 ... 
S?~n . :from th~ followipg table .. 
~~bl~ 1 . Distr~1'ution of' Pupi'la ,Ac.cording to 
Schools an:;i Grades 
School (size} 
]}.T. :::: 
A 1.46.· 8 · • •• • B 45? • ••• 
c ' 447 ' •••• 
D (3ee 
E ('238 
.. ... .. 
• • • • 
Total . v•• 
30 
25 
38 
25 
24 
142-
G·rade 6 
29 
28 
26 
27 
25 
-·135-· 
Total 
59 
53 
64 
52 
49 
~~ 277 
3. The Test and D~monstration 
1'he test . - - All questions of the tes.t v;are direct 
a;ppli.ca tions of the principle chosen . The test was so 
. 77 
arranged that the first i tE;Hne were leas difficult apd 
pertained more dir~ct1y t o the demonstra-t ion, while later 
i terns became progressively more a 'bstra.ct. The test and 
der..:ona t rati on were first tried ou t on a sr:nall r e.presenta ti ve 
sample of' students, and twenty-Jaix items were reta.ine.d. The 
final teet form and answer sheet are found in t he pppendi:x:.. 
'J'he age of each st.udent 'V:iras obta ined :for computing t h e 
mental age. The sex was obt a ined f' or possible future 
cor rela t ion. 
Cla.s~!.QE!J_pro_Q~.!Q'~.- - The teet (pre - tes·t) was -given 
to the fourth and sixth gr~d.es . The.n the two grades were 
randomly divided into halves and combine·d , with the r~sul tin -, 
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mixture of g·radei:; eoneti tuting t he "control" an experilnentc.. l " 
grotrps,. The experiinental group w.as t.ben given the demon ·tration 
while the _ control group \vas given soma irrelevant readi 1g 
material . Then botb. groups were retested with identical tests 
(pos:b-teeta). After tbie; t he demonstration was shown to the 
control group for the good will o:f the pupils . 'I'wenty mi.nutes 
was :found to be the minimum allowance for pupils at the 
levels tested t.o a.oruplete the teats .. Therefore, the sixty-
minute ola.sa period was divided into 2 'twenty-minute tests 
and 2 ten-minute demonstrations . 
Tbe testa were passed out by the class--room teachers and 
the p pilp were told they were c ompeting in a game . They vre re 
told to a nawe·r every question and to fill in their name, age , 
and sex. Nothing more wae, said until the time limit had 
passed. 'l.'he ra.p!JOl't of the pupils seemed to b excellent. 
The dem.O!!§tration.-- The demonatra.ti9n \Vas built a ro md 
a. screen upon which different colore were projected by 
fl-:::shlight • I,'i.rst 11 white light~ gre n light 11 and red light 
were directed through a prism onto a white section of the 
screen to illustrate the oomposi tion of \Vhi t e light. 1~ext, 
white light, gre n light, and red light were shown on . th 
colored areas of' the ecreen to show the a ·beorptive and 
reflective capacities of those colore. '.E'hen~ the three 
colored lights were passed through three-by-.four elides of 
red~ blue, and green celophane to illustrate transmission 
and absorption of color. A blac.k slide was also used to 
show absorption. The script which accompanied the 
demonstration and a plate of the materi als used are to be 
:found in the appendix. 
4. Recording the Data 
79 
'l'he O!,i.§_.£h!.rt .-- The Otis Normal Percentile Chart . as 
used to record the scores Of the groups for comparison. This 
chart i .s logari thmioally constructed with variably-sized. units 
so that a normal distribution curve becomes a straight line. 
1"he scores a.t each extreme of distribution are r ead with the 
sat!!e aecura.oy as those toward the center. 
The number of correct answers on the test was the score . 
Since no student tested achieved a score above t wenty-one, tbe 
chart could be used with one-unit i n terval s . The ":h.,requenoy" 
re±~ers t.o the number of e.cores. falling in each interval. The 
t~subtotal." is the eum ·of the frequencies up to and including 
the poir1t under considere.t-ion. The last subtotal equals the 
number of pupi ls in the group. The "Per cent .. refers to the 
p$r cent of the corresponding subtotal to the whole group. 
Points on the ohar.t represent these per cents. The 50-
percentile line cuts the percentile curve at a point consti-
tuting the median s core . This score was chosen for exact 
compa rison of the curves considered. Work t;;heets accompany 
each chart because the e'Oaoe provided on the charts to record 
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the data was insufficient . 
Tb,e mental a,ge.-- The mental age is computed from the 
I. Q, .. and the chronological age expressed in months . It is 
assumed that ea.c.h student put his oorre~t birth date on the 
ane·Jer sheet • By chances in each of the five schools tested 
the California Test of <Mental lf.a turi.ty (form 1946} h d been 
given within the month, and with apeci.a permission the I,. Q, . ' 6 
determined from thi source we1~e u.sed by the writer . 
·The modal. mental age ~_ ;.. The modal mental a.g is thl:l 
mental age most. common in occurenoe to a group. The number 
of pupils constituting the modal.,.mental-age group for th 
experiment was oompoaed of a fifteen-month span of ment 1 
ages. This span was . made up of a central three-month cor • 
alld six- month blocks of a.djaoent mental ages above a.od 
belov1 it~ By fanning pupil- record oards ( e&e ap:p ndi~} the 
most aommo:n block c.f five age>uni ta for ea.oh grade was 
easily established . The rr;oda.l .... mental-age block for the 
fourth grade was found to be 'from l13~J to 143; for the sixth 
grade . from 159 to 173. months • . 
:'Underage deviates are studen·te whose mental ages fall 
belo ,r this modal - ment al - age int-erval . Overage deviates 
have agee above t he modal mental age . The numbers .of 
etud..ents in each of the· mental a.ge . gr~ups a::-e seen in the 
following table. 
Table 2a Comparison of the Numbers ef Students of the 
Thre Mental Age Grt.lUP,tl for . .Each Grad 
tT~1-d~rage., .... ., 
"' 
55 33 29 ·24 ll 
1!!o.Qal .. " , .• q 
" " 
• 25 23 :3£ 35 115 OV~rage., 0 li 
" 
0 0 ll 1? 6 9 ~3 
--
·. ~-
-67- ~· in •rot . "" 69 73 '68 .... " &>(;. 
Sl 
' 
Tbe proportion or a. group hich answe1~ an item corraetly 
is the dif!ecult.y l3Vel: fo:r the it m ithin the pa.rt.ioular 
g~oupo To correlate the difficulty levels of es.oll. i t~rn in a teat 
'· 
the d.1f'f'icu1 ty inde~-r le enr.)'loyed. The dil'fioul ty indices , e re 
computed for ea.ob item of the two modal lfiental ge poat•testc 
. 1/ 
by tbe usa ol' Da'Y'ia • ohar~o- 'l'he percentage~ oi ~..uecet;~ .are 
first dete.rmined by :fOl'UIUla t'rom the highest ~nd lo est t~ anty-
se e.r1 -per oent of t'b.e sa.urpl.e "' 'rbese percentages allow r1tr~noe 
into t he- oi.':iai·t~ from which the diffioul ty i ·ndex for each item 
is eEu;ily seen. The ·discriminating power of ea.ch it ,m is &.1 o 
aeen, ·and both of these indices rt!l listed on the following 
table:t$o 1'he h.igb.e• t and lowest twentY:•&eve·n per oent · n t:he 
eixth grade modal-metltal-a-ge group consisted of nine atud nt 
I7J!i'idii"ok 1:Cnw.vie\). Ite~-Arlalzs.is D~ta - ·'~eir; Co_!nP,utation, 
l.t:.terl{~Gt.nti,_op:1 .and uS. ].'P TE!,fl,t C:o~]'j'.ruc~,ion~,BaJ:iY~r Sal:los-
tion Paper, ~.ifo o 2c. Graduate School of Eduoo.t.fllll,, H 'I"Va.rd 
University 9 Cambridge g 1949., 
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each~ The highest and 1 owe at t mn~y-eevan per oent in the 
fcurth-gra.de gr oup oonaisted of six s t udents each. A negative 
value indicates that fewer aubJ;eettl answered t he item 
Table 3 o Dif:ficul ty Indices and Dfaorimination .Indices for 
ltemtt on f;i~th•Gr;::;.de tlod&l .Mental Age Post-Test 
1 •. 0 ~· "71 
·:2. "0 - 3 
5 • • • 1.00 
4 ••• 86 
5~· · 11 
6 ••• 100 
? oeo 56 
a. • • 11 
9 ••• 41 
10 .... 86 
11 . ot· O l l 
12eeo 56 
lS .... 86 
14 .... 56 
15 ••• ~3 
16~ ... 41 
17 ••• 70 
18 ••• 27 
19'(11 ~· v. 56 
20o,., 70 
21 . .... 5n 
22eeo 86 
2Z • • • 41 
24 ••• 41 
25., ... 00 
26 ••• 70 
~~ ... 
. -
-3 
onl9 
41 
86 
.. z 
2? 
56 
- 33 
-19 
41 
11 
27 
tt(J 
ll 
~3 
... 19 
41 
- 19 
ll 
56 
41 
27 
2'1 
-19 
4 :t 
41 
~-~-..--""~~-~-w · 
44 
... 24 
5S 
13 
r; 
55 
53 
""24 
24 
56 
24 
46 
66 
41 
...11 
24 
5:5 
13 
41 
5? 
49 
40 
41 
24 
57 
53 
Di o:riminat"f''ii 
I ldex 
.. 4. 
2, 
4 .. 
0 
8 
53 
0 
8 
,32 
32 
0 
19 
l~ 
34 
0 
32 
19 
23 
34 
9 
9 
53 
lO 
32 
32 
19 
lt ia seen t.hat only ten of' the twenty-six iten1e achieved 
a. diff'ioul ty index of over fifty per cent . ·Only two i teme he.d 
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· a difficulty index of over sixty per cent. l\To item ha.d a.n index 
o:f over eighty per cent. Three students ob·tained a negative 
difficulty index. 
A si.roilar analysis for tbe fourth-grade group follows: 
Table 4 . Difficulty Indices and Di.scrimination Indices for 
Items on Fourth- Grade Modal Mental Age Post-Test 
1 ••• -12 - 33 
a ••• - 33 · 33 
3 ••• 100 - 12 
4 ••• 78 65 
5: •• (1 35 -33 
e ••• 78 78 
7 ••• 55 53 
a •• • - 33 -3::5 
9 • •• 33 •33 
10: • •• 78 12 
11 • •• 78 l.2 
12 ••• - 12 ~12 
13 ••.• 100 55 
... 
-.i..2 Zo ~ -... 
15 ••• 12 - 33 
1.6 •• • 33 ~ ~'>'\ - .t~ 
17 ••• 55 55 
18 ••• ~12 •33 
19 .•• • 33 -3~ 
20 ••• 53 ... 12 
21 ••.• ~12 12 
2.cl." . 55 12 
23 • •• 78 ..:.2 
24co G o - 12 -12 
25 •• • '78 35 
26 ••• 100 .!3.3 
______..., 
-34 
- ~ .l 
47 
59 
0 
66 
4? 
- 41 
0 
47 
47 
- 25 
63 
23 
-23 
2:3 
55 
-34 
0 
25 
0 
41 
47 
- 25 
53 
56 
---
• •• . if·---= 
:Discrimination 
Index 
18 
0 
6? 
6 
2-4 
0 
14 
0 
24 
48 
48 
0 
32 
- 23 
5 
25 
0 
18 
23 
23 
- 5 
~ 
48 
0 
30 
46 
___,..__ -· 
Only six students in the f ourth grade sample achieved a 
di~ficulty index of above fifty per cent . Eleven etudente 
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obtained diffi culty indi ces of zero . or be~ov.: . 
6 . Code Used in Charts 
I.t w e found con"V$ni ent to elnploy the :foll<l'>: ing symbols 
ben r ferring to the many groups oompo.red on the Ot i& l-$ormal 
Percentile Chr.~rt. 
l're mea.ns Pre-Test 
Post means 1!f>t~t·Tet"Zt 
E means Exp&.rimental 
C tnean&s Control 
Un means Underage Deviate 
1'N m . ans OV'erage Devin te 
4 means Fourth Grade 
6 means Sixth Grade 
red means Pre- Teet · 
blue mea.na Post-Test 
dotted-line means Control 
gtraight ... line means F.xpe:rimente.l 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
'%. 
v 
2 
1 
Fourth 
workeh~et For Chart No. 1 
( ,: odal MeHltal Age Group ) 
Gre.de Pr e- Tes t Sixth Grade 
_ .!!!:£up C~ Group E Group 
F s p F s p F s p 
2 35 100 
1 25 100 1 33 94 
2 24 96 3 32. 91 
1 22 88 3 29 83 
1 23 100 1 , 21 84 3 26 74 
4 22 96 2 20 80 4 23 66 
2 18 78 :3 18 72 s 19 54 
2 16 ?0 3 15 60 5 16 46 
6 14 58 2 12 48 6 11 31 
2 8 3>5 3 10 40 l 5 14 
.4 6 26 3 4 11 
:· 1 2 7 3 7 28 1 1 2S 
1 1 4.4 1 4 16 
3 3 12 
F Fr equency 
s subtotal 
p l'er oent 
c Control 
E Ex.pe r ime:nta.l. 
Pre-T st 
c GroulL_ __ 
]' s 'P 
1 32 100 
1 31 98 
5 30 9 
7 25 . 78 
7 18 56 
6 11 34 
2 5 1 
2 3 4 
l 1 ~1 
--------------------......... ....... 
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NORMAL PER~ENTILE CHART 
Grade or group No. of cases Measure (Examination) Form 
I/ riable I 
f-
Variable II 
, . 
Variable I Variable II 
Score Freq~ Sub~ Per Score Freq~ Sub~ Per 
intervals 'ncies totals cents intervals 'ncies totals cents .1 .2 .3 .4 .5 
,, 
Median 
ll 
J_t; 
;q 
;f 
11 
/b 
15 
11 
/3 
/:b 
J I 
Median .1 .2 .3 .4.5 
1 2 3 4 5 
1 2 3 4 5 
Date Examiner Graphs by 
PERCENTILE SCALE 
10 20 30 40 50 60 70 80 
Ia 
10 20 30 40 50 60 70 80 
School 
90 95 96 97 98 
I ' 
~ I 
I I 
90 9596 97 98 
By Arthur S. Otis 
City 
99 .5 .6 .7 .8 . 
I I 
99 .5 .6 .7 .8 91 
Standard Deviation Scale _ 31 (I I I I I 1 I I I ~ 21 (I I I I I I I I I I _ u I I I I I I I I I ~ I I I I I I I I I +1(7 I I I I• I I I I + 21 0' I I I I 1 I I 1 + 31 0 
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Chart 1 1i'indi:ngs 
~his chart compares tb.e pre-experimental and pre-cor t :c J. 
modal-mental-age groups of each grade . 
1. The median score of' the ~SMA pre-experimental fourt·u 
grade is se~m . to be 9 .8 eorrect answers . 1.'he pre-
control fourth-grade ... grou-p m.e,dian ie seen to be 9 . S . 
2 .. The median score of t he "fufr.tfA pre- experimental sixt '~ 
grade ia 12 . 0 correct answers. The pre-control sixth 
grade median ia 12.1. · 
2S. The average difference betwe n the };U'd~ pre-t s sccr~ ~­
of the fourth and sixtl'l grades i e 2. 2 correct answer·· • 
Therefore, it is apparent. that. the ~ ~ITJ experimental 
groups and c E>ntrol groups of each grade e.re essentially the 
s ame, and the eixth•grade gz·oup is significantly better 
informed on the princi!)le than the fourth grade . 
Worksheet For Chart No. 2 
(~Modal tlenta.l Age Group) 
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'' "riable 
~ --
\rariable 
' Score 
intervals OTIS NOBMAI>t PF:::tCEN'l'II.E CHART 1TIT.llJ3ER II 
I 
I , ' 
I 
i 
I 
: 
I 
I 
I 
I 
I 
I 
I 
I 
! 
I 
! 
I 
I 
I 
• 
~ 
'-----
Median 
NORMAL PERCENTILE CHART 
Grade or group No. of cases Measure (Examination) Form Date Examiner 
I 
Variable I Variable II I PERCENTILE SCALE 
Graphs by School 
By Arthur S. Otis 
City 
Score Freq, Sub, Per Score Freq, Sub, Per 
intervals 'ncies totals cents intervals 'ncies totals cents .1 .2 .3 .4 .5 1 2 3 4 5 10 30 50 20 40 70 80 90 95 96 97 98 99 .5 .6 • 7 .8 99.9. 60 
1-----+--
r' 
\ 
Median 
21 
;l.D 
19 
If 
11 
It:. 
/6 
Jt/ 
13 
/~ 
II 
/0 
1 
f 
1 
0 
6 
'1 
3 
~ 
I 
Median 
Standard Deviation Scale 
II 
/ 
•lit: rm ru_ 
L 
n. 
.1 .2 .3 .4.5 1 2 3 4 5 10 1 20 30 40 50 60 70 80 90 9596 97 98 99 .5 .6 . 7 .8 99 9 
_
3
1 a' I I I I 1 I I I ~2 ~ a' I I I I I I I I I --tla' I 1:1 I I I I I I l N..t I I I I 1 I I I I +Ia' I I I I 1 I I I ~2~ a' I 1 1 1 I 1 1 1 +31U' 
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Chart. 2 I;'indings 
This chart. o·omparee the post-experiznenta.l and post-c o ;+:r· ~- . 
modal ... menta.l-ag_e groups of each grade . 
1.. The median score c>f the M!JA post ... experimental fourt·: 
grade i e seen to be 10. 2 correct answer&. The post-
control fourth•grade-group median is seen to be l O. CJ . 
The gain of the experimental group ie thus . 4 corre .. t 
answers, and the gain of t he control group is . 1 . 
2 . The median score of. the 111dl\ post- eJtperimental sixth 
grade is 13 . 0 O.Ol"rect answers . The pO$t .. oor1trol six '· 
grade median is 12. 2. The gain of the e perimental 
group is thus 1 . 0 correct answera~ and the gai n of t ;.e 
control group is . 1. 
Thereforeg there was a small gain in the r · .:r post-
experimental aaoree of' both grades , while the po t - control 
groups remained about the aame. 
--------------------------
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
ll 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
Worksueet For Cba.rt ~ro . s 
(Modal 
Fourth (;rs.de 
_ _,..____.. .. 
Pra ... Test 
F s p 
l 23 100 
4 22 96 
2 18 78 
2 16 '70 
6 14 58 
2 8 35 
4 6 26 
1 2 8!7 
1 1 4.:3 
Mental Age Group ) 
_. ___ .__...._ __ 
E Group Sixth Grade E Group 
__ ___... 
-Post..;.'fest l?re-1:est Post-Test 
-----------
F 
1 
3 
2 
3 
3 
5 
1 
2 
2 
1 
s p 
25 100 
22 96 
19 83 
1? ?4 
14 61 
11 48 
6 26 
5 22 
5 13 
1 4.3 
F Frequency 
S Subtotal 
P P·er cent 
c Contro1 
F 
2 
1 
3 
3 
3 
4 
3 
5 
6 
l 
3 
l 
E Experimental 
. -
s p F s p 
1 ~5 100 
35 100 
33 94 6 34 97 
32 91 2 28 80 
29 So 2 26 ?4 
26 ?4 4 24 69 
23 66 6 20 57 
19 54 ? 14 40 
16 46 1 ? 20 
11 31 5 6 17 
5 J.4 1 1 29 
4 11 
1 2.9 
------
Variable 
---
• d.riable 
\ 
Score 
intervals 
. 
Median 
I- ··• 
"' . 
1 ' 
·, 
OTIS NORI.:AL PERCF:i'TTILE CHART l'TTiiEB..t!-:R III 
.' 
'· 
,. • If! 
i• 
I. 
•.t J. 
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NORMAL PERCENTILE CHART 
Grade or group No. of cases Measure (Examination) Form Date Examiner Graphs by 
Variable I 
. ctriable II 
Variable I Variable II 
Score Freq~ Sub~ Per Score Freq~ Sub~ Per 
intervals 'ncies totals cents intervals 'ncies totals cents .1 .2 .3 .4 .5 
Median 
l/ 
:lD 
11 
I~ 
17 
f(:, 
15 
11 
13 
/~ 
II 
/0 
q 
~ 
7 
(p 
s 
Lf 
3 
J., 
t 
Median .1 .2 .3 .4.5 
1 
-I 
' ' 
t 
' 
+ 
1 
I 
PERCENTILE SCALE 
2 3 4 5 10 20 30 40 50 60 70 80 
, ... 
2 3 4 5 10 20 30 40 50 60 70 80 
90 
90 
School 
95 96 97 98 
I 
II' 
'I I 
I 
I 
I 1 
I I 
.Y 
,.. '£ 
I 
By Arthur S. Otis 
City 
99 .5 .6 .7 .8 99.9 
I I 
' l-
' FFFf- '-
9596 97 98 99 .5 .6 • 7 .8 99 9 
Standard Deviation Scale _ 31 <TT I I I -f I I I .:_ 21 0" I I I I I I I I I J <T I 1 I I I I I I I * I I I I I I I I I +lu I I I I I I I I ~2~0" 1 1 1 1 I I I I ~3~0" 
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Chart 3 Findings 
T'nis oha..rt cor.nparas the pre- experimental and post-
experimental .modal.-menta.l- a.ge gro.u:ps of each grade . 
90 
1. It is seen that the gain from the median of the fourth-
grade 1\fM.i~ pr9.- experi:rnental group to the post• 
experimental group is • 4 corr.ect ans vers .• 
2. Tb gain from tha median of the sixth-grade MlifA pre-
e.xpel'imental grou:p to the post ... axperimental group is 
1. 0 o orrec t ana.we:r.· • 
Renee, it seen1s that the eixth ... grade :M.l:iiA group gained 
somewhat more tha · tb.e fourth- grade I;:.i.A group aa. the r .... ul t 
of the demonstration,; 
•forkeheet For Chart l~o . 4 
(Underage Deviate Group) 
-- --- --
Fourth Grade E Group Sixth Grade E Group 
--·- Pre- Test Post-Test_ ---pr-e:Test Poat-T~si_: 
F s p F s p F s p J? ,.., p >'.1 
21 
20 
19 
18. 
1? 1 24 100 
16 2 24 100 5 23 96 
15 1 33 100 2 22 92 1 18 75 
14 4 20 . 84 1 17 ?1 
13 1 33 100 2 32 97 3 16 6? 6 16 67 
12 1 32 9'7 <) 
"" 
30 91 1 13 54 3 10 tl2 
11 3 2'>1 94 3 28 85 3 12 50 2 ? 29 
10 5 28 85 6 25 76 4 9 37 1 5 21 
9 4 23 ?0 7 19 58 2 5 21 1 4 17 
8 4 19 58 4 lr) ,.., 36 
? 8 15 45 1 8 24 1 3 12 2 3 12 
6 2 7 21 3 7 21 1 2 8.4 
5 3 5 !5 3 4 12 1 1 4.2 1 1 4.2 
4 2 2 6.1 1 1 3 
3 
2 
1 
--.------ --------·-~-
'Ti" 
... ::F'requency 
s Subtotal 
p Per cent 
c Control 
E Experimental 
91 
I "ariable I 
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Chart 4 Findings 
Thi s chart compares the :pre~experimenta.l and post- · 
exper:i.menta.l under ... age-deviata groups of each grade. 
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1. Tbe median score of the Un pre-experimental :fourth 
grade is seerl to be 7. 6 correct answerso he poet-
experi.mental fou:rth-g;t·adG - group medi&:n is se·en to be 
8.5. 
2e Tll.e median score of the Un pre .. ·experimenta l sixth 
grade is .11.0. The post-experimental sixth-grade 
medtan is 12.1. 
The scores of the underage deviates are seen to ·oe 
consistently lower than the scores of the .~fi.iA groups . It is 
t o be noted that although the gai.n for the ·aixth .grade is 
about the same at both mental-age levala, the gain in the 
fourth-grade-underage-deviate group ·is significantly higher 
than :for the corresponding M11A group. 
Worksheet }'or Chart No. 5 
(Overage Deviate Group) 
-- --------.-- --
:F'ourth Grade E Group Sixth Grade E G·roup 
_ ___rre-'I'est__::-Post..:~l'est~- Pr~..:1'.!!S t Post- Teet 
F s n -~ 
21 
20 
19 
18 
17 
16 1 17 100 
15 
14 3 16 94 
1:3 2 13 83 
12 2 11 65 
11 4 9 53 
10 l 5 29 
9 2 4 23 
8 1 2 12 
7 
6 
5 1 1 5.9 
4 
:3 
2 
1 
F s p 
1 17 100 
1 16 94 
1 15 88 
1 14 82 
2 13 7? 
3 11 65 
4 8 47 
3 4 24 
1 1 59 
l, Frequency 
s Subtotal 
P Per cent 
C Control 
}i' 
2 
1 
1 
3 
1 
1 
E Experimental 
s p }~ s p 
1 9 100 
9 100 1 8 89 
7 77 2 7 77 
2 5 56 
6 67 1 :3 33 
5 56 1 2 22 
2 22 1 1 11 
1 11 
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Chart 5 li' indings 
This chart compares the pre-experimental and post-
experimental over ... a.ge-deviate groups of each grade . 
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1 . The median score of the Ov pre-experimental :fourth 
grade is seen to be 10. 8 oor.rect answers . The post-
experimental fourth-grade-group--median is seen to be 
11. 8 . 
2 . The median .score of the OV pre- ex.p ritnenta.l sixth 
grade is 13.6 . The poet-experimental sixth-grade 
median is 14 . 8 . 
Although the scores of t he overage group e-~re higher 
than the underage-d viate and the UMA groups, the medial 
gains of t he three experimental groups are very l:lir-ilar . 
V.'orkeheet ror Chart No. 6 
( ! [oda.l Underage Overage} 
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F s p 
1 17 100 
1 16 9 
1 15 88 
1 14. 82 
2 13 77 
3 11 6 
4 8 4? 
3 4 24 
l 1 5.9 
·-----·~-----_........_ _____ _..,... 
F :Frequency 
S Subtotal 
P l'er oEmt 
C Control 
E . ..TI!xj:lerimental 
95 
"~riable 
--
"ariable 
' Score 
intervals OTIS ~fORMAL PERCENTIIJi~ CH.:'LTtT N1T~R VI 
-' 
. 
-
., 
Median 
NORMAL PER~CENTILE CHART 
Grade or group No. of cases Measure (Examination) Form 
Yllriable I 
\ 
"ariable II 
Variable I Variable II 
Score Freq, Sub, Per Score Freq, Sub, Per 
intervals 'ncies totals cents intervals 'ncies totals cents .1 .2 .3 .4 .5 
,_ 
\ 
Median 
:J-,1 
~D 
1'1 
IK 
17 
/{:; 
!6 
11 
/3 
I~ 
II 
/0 
9 
r 
1 
(p 
s 
L/ 
3 
~ 
I 
Median 
I I 
.1 .2 .3 .4.5 
1 2 3 4 5 
1 2 3 4 5 
I 
Pate Examiner Graphs by 
PERCENTILE SCALE 
10 
I 
I 20 30 40 50 60 70 80 
10 20 30 40 so 60 70 80 
School 
90 95 96 97 98 
n 
I I 
90 95 96 97 98 
By ArthurS. Otis 
City 
99 .5 .6 .7 .8 99.9 
99 .5 .6 • 7 .8 99 9 
Standard Deviation Scale _ 31 u 1 1 1 1 1 1 1 1 ~21u I 1 1 1 1 1 1 1 1 ~~u 1 1 1 1 1 1 1 1 1 Ni 1 1 1 I 1 1 1 r T +Tu -r l r I 1 1 1 1 +21<T 1 1 1 1 1 1 1 1 -f- 31u 
Published by World Book Company, Yonkers•on·Huds~m, New York, and Chicago, Illinois. Copyright l~H8 by World Book Company. Copyright in Great Britain. All rights reserved. PRINTED IN u.s.A. ONPC-JO 
Ch~rt 6 J?indings 
Tbi~ ohnrt oox.1pa.res the poa.t-e.xperiruental soore.:~ of 
the undsrage deviates, modal me.ntal age., and overage devin.te · 
of the fourth grade., 
1:. The medi n eeo:re · i'or the poat ... experirnenta.l unde- age 
deviates, M.MA , and overage devie.tes are seen to be 
S.,5; 10.2. and 11.8, reu,rpe·Otively" 
2. Betw en tbo underage deViEii ten a.nd t he 1.1lll~. is a di ference 
of -• 7 correct answers. 13etweerl the 7>'~!A nd the overage 
deviates ie a d1fferenoe of 1. 6 correct answers . 
Tbet•e:fore, it seems t hat her the post-teat oeores are 
dir.a-ctiy pr<rportional to the m nt~l agee of the stud~nte, 
.:rith Ue M1tA ooouring ulmo$t PJX&ctly at the roid .. point betw en 
the overage a 1d u,nde.ra.ge tlevi a. tes. 
---·---
worksheet For Chart J: o. 7 (Modal Underage Ov-erage) 
·-------·--------·-·---------
Sixth Grade E Group Post-Teet 
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Chart 7 Findings 
Thie chart compares the poet-experimenta l aco:re;;. o:f 
the underage de·viatei>• modal mental age, and overage de iates 
of the sixth gradeo 
1. The median scores for th~:> post - experiment al. unde ag 
d~via tes, 1il!~L4.~ and O'~'terage deviates ar eeen to b 
12.1, l3.0j and 14.8, respectively. 
2. Between th underage deviate~ an t.he l'WJJ.. i s a diffe r ence 
of • 9 correct answera . Betwe n the I.lli.A a.nd the overage 
devia tes is a differ ence of lG8 correct answers . 
The proportionality bet'llveen mental age and test ecor . is 
here again evidenced. Also9 it ia .seen tho.t the underage 
deviates of the sixth grade scored slightly higher t han th 
overage devi a tes of the fourth grade . 
CH.r"..PTER IV 
CGNCI.US I OHS 
• .-1 though the ntm.tbers employed in this x:periu.ent re not 
at thia time adequate to give a complete picture~ certain 
conclueione ere ppa:rent. 
L. Random divisi.on was at•oeecful i.n ei::ta.bliahing control 
and experimental groupe of ea.ct~ grade Jh icb ere 
equally informed e 'bout t h e principle previvus t o t :1e 
de.monstrationo 
· 2. The modal ... menta.l-age group ot• the fourth grade gain d 
very little from seeing the demonstration. Th eix tb-
rado group gained only slightly znor·e. 1'he gai:n~ of 
·the control grou11u ., which did not see the demonstrati on , 
were probl;,bl negligibl tl 
3., 'l~lle inc rea ""e oi' - t he expe:cimental groups of the mod(;.l.l 
mental age. u11deziage devi tee, and overag e devia t e s 
was i n all instances remarkably ol ·ose to one corr ct 
answer. 
4Q An analyst of the items indicates that many i~ems 
were well beyond the oo~prehension of the tnnnplea. ... 
~eve:ral items were of auoh difficulty tb t they ;ere 
-99-
answered by t he modal ... mentsl-age group tested from 
each grade to a poorer degree than by cb"'nce • .Evan 
i teme ex"'ec ted t.<> be quite eimplt~ were not ns''ered 
cor!'ectly oons1<iten.tly by the grou:pn .. 
It seemo ap1')a.-rent th~t the den:ons traticm given fa.e the 
firs t encounter of most of the students Yith the ba...,ie 
properti.ee of color. The writer belieVfHi th;;;. t t he time 
a llotment for the demonstration e.a insuff icie.llt to te · ch tl 
uninitia t ed group of this age level so complex a ecience 
princ1pleo 
100 
;o-. ever, a. cl oeg co:r:r.ee:gondence between a cores n ~ men. t al 
age ie ole""rly indica ted by a ~m-•.variaon of the cor u of tbe 
modal went.;:.l g~s and the deviate groups ·of .eeob grad€. ( l,r...v.rt VI 
and Chart V!l) e It \VOUld be of interest to :aoe i f this 
relationship between mental age e.od aeor continued e.t t"·e s~tri.e 
rat at a higher level.. tthether or not e.t a higher m turation 
level mora p;:oo:fit could be m.no.e from tbe de~ ·:cmctration would 
also be of intereato 
There.fore, the writer is of tho opinion tr..at it · ould be 
orthwhil& to continue the experiment at a hig r ment.al ... age 
leveL, Combining the re ul ts of tbat rese ,torch it tbe 
oc:ncluaione atat.ed here, it :i£5 posfJible tha.t a ol.ear er pi.cture 
may emerge e.a to t he moat efficient. level to tea.eh t he .schmce 
principle under ~onaideration .. 
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oc 'n, ·Cb pt\rtiol o ' light bouno up nd do n fro · t 
. 
&·bll & ea o~u n t b en, but lie;h "teve lZ ·.5 
couldn't s e " All \';culd be .~s blo.o' ~ t1 t . bo tth;; of t h 
oeean. 
"~a ·t of t:J . light o :1! c.-·r-t~l: cor~.e dir ctl.; fro 1. n. 
lJ1r.;.;ot aunligbt i . ".lite light. ti· ... ht f :ro.n1 z: orcirr ry 1( p 
1 
ce rt hJ. ~ "'fc • t~'t ':.lh.i te light C"'•.il be bro· n into 
or n • .r llfM~: gre n., blue, en ~ viol t .. Yotr. b V$J 
.. 
r 
h 
ol·etit:l -:b n 
pud<il · of il . 
e l · tri ·n ,.1 , , 
only 1: <~ co -· · throulJ~• .' h . ~i~~c thut red a ·n not 
UJ,J :Lik ... -whit light. It" •v-e 'hhle • green light throw h thi 
.; 
•· 
g.l ·· e • only ~r ~Dn o om e tbrougb. 1b. sa · hap_:,:-en . "Q 1 th the 
oth r olot·s of tl·•e rab.1bcw1 . .... etu.ally e -ch. color in th r in-
bow ean be broke.n into hundr ds of oiffer · tlt colo::.""...:.. . .} 
;?_ ~····~·nn l.tntvN'i-'~\ 
$~·iool cf Ed-'.JG~·tii:lr.i 
·, , Ui:trary 
ve • 
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Iio.._: ver.. 'Q can t11ir.tk. of t he color o1' the r ai 1.bo. c.s t ra 
i.. sir~S .le cclo :·s. If w · ahould ohine r ll t·~ s· '.t l co lo . 
on to ol' 
th t whit l1ght ie oc .• ,ple:x o·olor oont · ini ., th 
si .le color· . Ull t ~ve o o ·· · h it ligh t i really ro d 
v eont-tining all the o.olor • 
ntmospher of the <'' rth work.:;; n.uab. t h' thi 
little gl· , cuttering the h it 11~ "· t ot' t ~ott s .. . '!'b. 
un ·· t ie red beooue · ell tl1e p rta of ~ ... 1 t ligh 
''fhe.n lhi te lig"~t wave· bit . r1 obj act, m;. · of t r o olo · 
bounoe tu'l.o.:;,.. , or Ql'G refl ote(l. ;~· 1 t h t$0 o:r:d.inar ~irror., ' 11 
\: 
oolor r refle¢t d . Othel'' obJ at , reflect o.n1y o rt r... i n 
in, Ql.' b or u. 
'hu , .. ben v;1~ 1 te l itf~t .i · put on t hi > urf<1.oe , t• e . • 
~ ve fro·.~.~ the •n·i -t light ar~ refl ct d. wh.il the or· n e , 
v llo .. n blu • vio.let w ~e 
"' "' gr. e " ... r b~·· orbed. ' 'h ·n wbi te 
11~~ t 1 . · hewn on thi B i!u:rn c .. blu ' ves nr I'ef l ot · ~o.d 
th re t of th ·~hite 11 lit _ b ·orb d'. 
N1 n ·.hit light 1 ho ' rl on u 'blnck . -ux•.f c , no color 
i r fleeted. All tl'l. l i 1 t i s b orbed. ·"o light e G 
tr ·vel . from. black to yo.ur yea; ll c<)lo.r 
up. 
d 1 c olo... lluct be pre · ent i · t ho lisht to 
If red light i ho,·zn on an object 1rihiob ie r 
r fleeted . 
in · it 
i t of couree. r fleet d. But . 1:f r d ligh. tc:.Ve · 
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are directed on o. surface which v.'ae blue in ord inary wl :i. te 
light, ',';e see another col or. lfuoh o:t' the red is abso:r'i.;(;:: ti. ~~r ... d 
a purple color is reflected. Certain waves maidng up the red 
light are taken in by tb.at surface Yihile certain ot :..ers bou.nce 
back to your eye . 'l'he :purple color is the r esult of ixin6 
the red reflections with the blue reflections, result ing fro i 
ordinary daylight . 
1'he earr:e effect i s seen with green light. 
Notice the different colors formed when red ligh t i"" 
ahovm on otber color s·. 
The same kind of' selection occurs when light passes 
t hrough colored glaas- . You've all seen the :pretty c clors made 
when light passes through a church's stained-.gle:tse windows . 
The stained glass absorbs some -of the .sun' G waves, r..nd per:cni t :s 
others to pass th1·ough. When white ligLt i ~:: sh.ovm on this 
colored glass, blue light pa.sset:: through and all t1<.e other 
colora of the rainbow are abs orbed. Only red i:'laves paee 
through thie. col ored glass .. Only green wave$ pass through 
this. Through this black glase no light passes, as all the 
light i s absorbed . 
If t h is blue glas s.. is p1a.eed behind the red. glass 'fe 
see a purple color. The blue bas ab~orbed some o:f t he red . 
If green is ·p;taced behind the red glass, a pale green 
is produced. 
You notice that in each of these cases , this glass 'has 
changed white light into red light by abso:·:·bing ,.,.11 parts 
of the '.:•nit .light ~xoe:pt red · v & . 'l~eDe other g l h- · ta 
ou toh th red fHtd it.-
re both plac db ili"d 
th.e r d la 1:1, nothin,~ e ·Ofiit.. through; · 11 t'h hit li~h 
'h.a · b(3 n ··b ~rbed ., 
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i"'hue 1 w h' v oo n tod" y that the oolor or c:-;.n ob at 
<i peuds upon · hich colored J.ight .. :ves ·':"' r r i'l tj)t ~d by 
the obJ (:ci!. 8Urfa OtH and fi.ll ob9j.e . t liich loot one color 
in ord ina:·y dnylight til ·s· loa,_ t-1 toge ·.he di "f rant 1... .;. rta 
of th . b · te· light n~ v b . e11 ab• orb · :. 
The Test 
Select the best answer for each of the following. Place the letter of 
the answer on your answer sheet in the space provided. Please do not 
write in this booklet. 
1. White light ••• 
a) is a single color. 
b) is not a color. 
c) is made up of all the colors. 
d) is pale yellow light. 
2 .• The color of an object ••• 
a) depends on light waves. 
b) depends on the make-up of the object. 
c) depends on the eye of the looker. 
d) depends on all of these. 
3. Grass in white light is ••• 
a) green. 
b) white. 
c) brown. 
" d) none of these. 
4. Grass in green light is ••• 
a) green. 
b) white. 
c) brown. 
d) none of these. 
5. Grass in yellow light is ••• 
a) green. 
b) yellow. 
c) white. 
d) none of these. 
6. A common mirror is of value because ••• 
a) it makes white light. 
b) all colors are absorbed. 
c) all colors are reflected. 
d) black is absorbed. 
7. In a dark room a red book looks ••• 
a) red. 
b) brown. 
c) purple. 
d) black. 
(1) 
1 05 
s. Maple leaves in autumn are orange because ••• 
a) increased heat is given off. 
b) they are drying up. 
c) orange light is reflected. 
d) they make Thanksgiving more colorful. 
9. A rainbow is formed from ••• 
a) electricity after a storm. 
b) · scattered blue light. 
c) the reflection of water. 
d) scattered sun light. 
10. A mirror of blue glass ••• 
a) makes you look blue. 
b) makes you look black. 
c) is the same as a common mirror.-
d) couldn't be used. 
11. At night a room is dat-k because~ •• 
a) there is much purple and blue light. 
b) there is no color. 
c) all the colors are present as absorbed light •. 
d) people sleep better in the dark. 
12. Yellow light may be separated into ••• 
a) all the colors of the rainbow. 
b) all the colors except yellow. 
c) only yellow light. 
d) only green, blue, and purple. 
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13. If you read a book under a red neon sign, the white page would appear ••• 
a) white. 
b) black. 
c) red. 
d) none of these. 
14. A breed of cows called Angus cows is black because ••• 
a) all white light is absorbed. 
b) £lies are not attracted to black. 
c) skylight is reflected. 
d) all colors are scattered except black, 
15. Leaves are green because ••• 
a) all colors except green are absorbed. 
b) they co"ntain chloraphylt. 
c) green is easy on the eyes. 
d) white light is reflected. 
(2) 
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16. The sun is often red in the evening because ••• 
a) red is reflected from the sun. 
b) late in the day the sun loses its strength. 
c) the atmosphere scatters the other parts of sunlight, 
d) the sun is made of reddish matter. 
17. Sun glasses are dark colored to ••• 
a) Absorb bright light, 
b) keep you from getting a headache. 
c) see dark objects better. 
d) help people with weak eyes. 
18. When the sun looks brightest, it is white; this means that ••• 
a) the sun is at its hottest. 
b) the weather will be mild. 
c) the atmosphere scatters the red light. 
d) we see all colors at once. 
19. On a sunny day you would expect a black dog to be ••• 
a) warmer than, 
b) cooler than, 
c) the same temp~rature as; 
a white dog. 
20. A blue eyed person's eye •• , 
a) absorbs all visible colors. 
b) reflects all visible colors. 
c) absorbs only blue colors. 
d) reflects only blue colors. 
21. In the far north, "snow blindness" is common; this is because ••• 
a) the air is thin and doesn't scatter light. 
b) the air is misty and absorbs light. 
c) the snow is a good reflector. 
d) cold affects the eyes. 
22. When metal is heated it becomes red because ••• 
a) fire is red. 
b) red is the first color on the rainbow. 
c) otherwise you wouldn't know it was hot. 
d) none of these. 
(3) 
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23. A mereury vapor lamp used in photography contains all the parts of 
white light except red and yellow,. Therefore., a person photographed 
with the aid of this lamp would look ••• 
a) pale. 
b) red. 
c) tan. 
d) orange. 
24. The sky is blue because .... 
a) it reflects the ocean. 
b) at such a distance everything looks blue. 
c) blue is all that remains from scattered sun light. 
d) blue iS easy on the eyes. 
25. You can't get sunburned on a glassed-in porch because ••• 
a) you can't get burned in-doors., · 
b) glass cuts off harmful rays. 
c) glass helps insulate the room. 
d) wind is needed for sunburn. 
26. Color blindness usually results because ••• 
a) men can't see as well as women. 
b) green and red are similar colors. 
c) blue eyed people absorb too much blue light-
d) the brain doesn't act normally. 
(4) 
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